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PHYSICAL  GEOGRATnY  AND  GEOLOGY. 


CMiexal  Inteoduction. — ^Tho  scienco  of  Geology,  at  the  present  day,  is  not 
by  any  meana  that  collection  of  theoretical  yiews  and  yague  notions  which  it  was  sup- 
posed to  be,  and  to  some  extent  really  was,  a  quarter  of  a  century  ago.  Its  facta  are 
numerous,  well  arranged,  and  of  an  importance  that  cannot  be  questioned.  The  opinions 
held  by  its  students  are  based  upon  Tarious  minute  observations,  and  on  analogies 
strictly  philosophical.  The  reasonings  from  which  its  conclusions  are  drawn,  are 
strictly  inductive,  and  the  results  obtained  are  applicable  to  various  practical  purposes, 
and  are  second  to  none  in  importance. 

It  embraces  also  a  wide  range  of  knowledge,  as  well  as  application— Physical  Geo- 
graphy, Chemistry,  Mineralogy,  Zoology,  and  Botany,  being  successively  called  on  for 
their  aid,  while  Agriculture,  Architecture,  Civil  and  Military  Engineering,  and  Mining 
axe  all  dependent  on  it  for  much  essential  assistance,  and  are  becoming  more  so  every 

iMf. 

Geology  is  now  generally  understood  to  include  all  those  departments  of  the  various 
eeicnccs  of  observation  which  help  to  explain  or  describe  the  actual  condition  of  the 
earUi's  surfiuse,  and  the  various  phases  through  which  it  has  passed.  It  is  thus  at  the 
same  time  a  description  and  history  of  our  globe ;  and  although  the  mere  descriptive 
part  is  recognised  under  a  distinct  name — Geography— yet  is  this  term  only  under- 
stood generally  as  applying  to  the  earth  as  the  habitation  of  man,  and  with  rofcrenoo  ta 
the  distribution  and  wants  of  the  various  families  of  the  human  race. 

The  past  history  of  the  earth,  using  this  term  in  its  most  extended  sense,  neoos- 
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sarily  invo|^  the  consideration  of  yarious  possibilities,  about  which  much  dcyer  ail- 
ment has  been  wasted,  and  much  ill-feeling  excited.  The  discussion,  of  questions  of 
this  nature  is,  however,  as  unphilosophical  as  it  is  undesirable,  far  tll»  duty  of  those 
who  pursue  science,  and  endeavoiiBto  lender  it  usefbl  to  the  gooMnd  public,  is  dear 
and  straightforward.  They  hsrre  to  preseat  facts  as  they  appenv^aad  describe  nature 
as  she  presents  herself.  They  may  indeed  luggert  inferences,  butthey  have  nothing  to 
do  either  with  doubts  or  dogmas ;  and  in  all  cases  this  simple  statement  of  tmdi,  as  it 
is  rueaivud,  felt,  and  acted  on,  cannot  be  other  that  right  and  useful,  from-  whatever 
direotian  it  comes,  or  wbiterer  difficulties  may  appear  to-  he  connected  with  its 
deyebpnicntk. 

VhjrviMii  Cto«8Bii9kl|F'«~0ne  of  the  fizst  subjects  for  conaidprBtian,  in  a  treatise, 
however  hnei,  on  general  Geology,  musfr  be  the  actual  present  candition  of  the  earth. 
Without  some  knowledge  of  this,  there  is  ao  foandatian  cMiii  which,  to  build  useful 
geological  knowledgai  of  any  ]dnd,^-a21  is  rwgfBB^  uneeorftahij  and  shifting,  and  any 
deductions  and  coodnsions  aa  to  foormer  conditiona  or  fyaoat  changes,  are  almost  certain, 
to  be  fflflae,  or  lead  to  unsound  gonendiisationB^  .unkai  founded  on  actual  knowledge 
of  the  pnsent  state  of  the  earth,  and  the  changea  flttt  now  go  on  owing  to  the  opera- 
tion of  known  cansas. 

We  propose,  then,  in  the  present  piper,  to  give  saeii  ouliinfi  accounts  of  the  nnfiwe 
and  external  crust  of  bur  globe,  as  may  communicate  reasonable  and  corraet  ideas  as  to 
its  possible  mode  of  formation.  We  shall,  not,  indeed^  eater  into  detail,  raElJier  desiring 
to  direct  attention  to  the  great  sources  of  information,  than  pretending  to  offer  new 
and  unconsidered  statements,  but  we  hope  to  show  that  this  department  of  sdence  not 
only  requires  study,  but  fully  repays  any  attention  given  to  it 

The  form  of  the  earth  is  well  known  to  be  that  of  a  slightiy  flattenedsphere,— the  pole, 
or  imaginary  line  hetween  the  northem  and  southern  extremities,  being  shorter  than  a 
Une  drawn  through  the  centre  to  meet  the  equator  at  opposite  points.  The  amount  of 
flattening  at  each  pole  is  about  13^  miles,  or  in  other  words,  the  shorter  diameter  diifisrs 
from  the  longer  hy  26|  miles.  As,  however,  the  diameter  of  the  earth  is  nearly  8000 
miles,  the  di£Eerence  is  not  more  than  equivalent  to  a  flattening  of  one-sixteenth  of  an 
inch  in  the  case  of  a  three-foot  globe,  which  woidd  be  altogether  inappreciable  by  the  eye. 
There  is  no  reason  to  suppose  that  the  extreme  vertical  distance  between  the  top  of  the 
loftiest  mountain  and  the  deepest  point  of  the  ocean  exceeds  this  comparatively  small 
distance,  nor  is  it  possible  for  us  even  to  attain  a  knowledge  of  the  present  state  of  the 
interior  from  actual  observation  to  an  extent  at  all  equal  to  this.  It  is  well  to  bear  in 
mind  these  fJEMJts  in  speculating  on  the  state  of  matter  so  far  out  of  the  range  of  our 
observation  as  the  interior  of  the  earth's  crust  must  of  necessity  be. 

The  surface  of  the  earth,  which  may  be  stated  in  round  numbers  to  consist  of  two 
hundred  millions  of  square  miles,  is  somewhat  irregular,  though,  as  we  have  already 
seen,  the  proportionate  amount  of  the  irregularities  is  small.  About  three-fourths  of  the 
whole,  being  the  lower  or  recessed  portion,  is  covered  with  water,  varying  in  depth  from 
a  few  inches  to  ten  miles ;  and  the  whole,  both  land  and  water,  is  covered  with  a  film, 
probably  about  one  hundred  miles  in  thidmess,  of  a  peculiar  gaseous  compound,  called 
by  us  air,  or  the  atmosphere.  This  would  be  equivalent  to  about  half  an  inch  on  the 
surface  of  a  three  foot  globe.  All  known  phenomena  of  light,  heat,  and  electridty— 
all  the  vast  and  marvellous  and  complicated  phenomena  of  vegetable  and  animal  life — 
all  the  chemical  changes  connected  with  the  distribution  and  production  of  mineral 
wealth— everyOiing  we  know  of  or  think  of  in  the  earth,  or  can  conceive  of  as  con- 
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nooCod  in  any  mj  with  ouzwlTea,  goes  on  wiliiin  Hoe  narrow  belt  of  a  hundred  miles 
above  and  below  the  leyd  of  the  ocean,  or  the  half  inch  above  and  below  the  general 
msAce  of  a  lazge  oomman  gbbe  whose  diameter  is  thirtynnx  inches.  Some  people 
have  endaavonzed  to  illustrato  the  oondition  and  form  of  the  earth  more  iamiUarly  by 
n£ening  to  an  orange,  but  the  thnmest  skin  of  even  a  large  fruit  would  be  moie  than 
equivalent  to  the  whale  of  this  200  miles,  and  the  incgularities  on  the  smoothest  fflHn 
would  represent  gigantic  mountains,  compared  with  which,  the  Andes  and  Himalayas 
are  but  mole-hiUs. 

But  comparisans  and  analogies  are  not  always  the  best  modes  of  obtaining  ideaa  on 
subjects  such  as  those  we  are  considering,  for  there  are  many  things  that  axe  important 
and  real,  in  the  phenomena  of  the  earth's  sur&ce,  though,  when  reduced  by  compariaon 
widi  small  objects,  they  appear  insignificant  Thus,  it  is  necessary  to  consider  some- 
what closely  the  varieties  of  form  and  distribution  of  land  in  laige  masses,  groups  of 
islands,  and  detached  islaTidfl,  the  distribution  of  water,  as  well  in  the  atmosphere  as 
an  land,  and  in  the  ocean;  the  way  in  which  the  land  is  distinguished  into  mountains, 
lofty  plateaux,  and  low  plains;  the  natural  separation  of  the  land  into  drainage  areas; 
the  exiatenoe  of  volcanoes  and  earthquakes,  the  phenomena  of  springs,  both  cold  and 
thermal ;  and  the  peculiarities  of  climate  in  various  parts  of  the  earth.  All  these  subjects 
are  introductory  to  Geology,  and  together,  they  form  the  science  of  "  Physical  Geo- 
graphy." 

The  natural  taste  for  fine  scenery  possessed  by  almost  every  one,  whether  with  a 
cultivated  intellect  or  in  a  state  of  nature,  and  the  marvellous  scenes  presented  to  our 
contemplation  in  different  parts  of  the  world,  must  suggest  some  inquiry  as  to  the  cause 
of  those  varieties  of  the  earth's  sur&oe,  and  changes  in  atmospheric  condition,  which 
are  so  charming  to  the  eye  and  the  intellect.  Thus,  for  example,  we  find,  in  the  cold 
and  almost  frozen  regions  of  Iceland  numerous  jets  of  boiling  water  spouting  into  1^ 
air  to  a  great  height,  lifting  up  large  blocks  of  stone  from  beneath  the  earth's  suifeuM, 
and  projecting  them  to  an  enormous  height.  In  Switzerland,  only  a  day's  journey  from 
the  warm,  sunny  regions  of  Italy,  vast  rivers  of  ice  pour  down  from  lofty  mountains, 
and  spread  destruction  over  the  plains.  In  the  great  tropical  plains  of  Mezioo,  some 
hundred  square  miles  of  country  have  been  thrust  upwards,  and  a  hill  of  sixteen  hun- 
dred feet  formed  in  a  short  spaoe  of  time,  ftcm  which  fire  and  ashes  are  vomited  fiurth^ 
aoeomponied  by  melted  rock.  In  the  cdd  seas,  in  both  the  northern  and  southern  hemi- 
Bphersfl)  near  the  two  poles  of  the  earth,  bide  mountains  of  ice,  loaded  willi  vast  frag- 
ments of  rock,  are  every  day  broken  oSf  and  floated  away,  and  conveyed  by  winds  and 
currents  to  wamer  waters,  where  they  melt  and  deposit  their  load.  On  our  own  coasts, 
and  in  the  south-western  parts  of  our  own  idand,  huge  rods  of  granite  are  womby  the 
flea  and  the  air  into  the  most  quaint  and  picturesque  shiqiea.  In  llie  warm  seas  of  the 
Eastern  Archipelago,  myriads  of  little  insects  are  buildxng  solid  and  massive  walls  of 
rock,  defying  the  power  of  the  waves,  and  slowly  but  surely  rising  up  frt>m  the  bottom 
of  the  sea,  and  apparently  increasing  the  quantity  of  solid  matter  of  the  earth.  It  is 
natural  te  inquire  what  is  the  meaning  of  all  this,  and  what  do  tiiese  yarioua  and 
striking  natural  appearances  teach  us  ?  In  reply  to  such  a  query,  it  may  be  stated, 
wi&  reference  to  our  present  subject,  that  the  study  of  these  grand  phenomena— 'the 
true  interpretation  of  the  language  ^nidch  these  fects  speak— 4ead8  directly  and  imme- 
distely  to  a  knowledge  of  the  andeaai  history  of  the  eartii;  or,  in  other  words,  it  enables 
us  to  judge  of  and  comprehend  that  progress  of  events  by  which  the  earth's  crust  has, 
i&  the  due  coone  of  time,  beoeme  elobonted  in  the  ferm  wiuoh  we  now  see.    The 
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making  out  this  ancient  histozy  of  liio  earth — tho  deteimination  of  what  has  been  bj 
the  inyestigation  of  what  is  doing— the  comparison  of  past  results  with  present  efBacts^ 
these  are  the  proper  ohjectB  of  the  sdonce  of  Geology ;  and  rising  out  of  the  inyestiga^ 
tions  into  the  structure  of  the  earth's  crust,  there  appear  a  multitude  of  strange  and 
startling  conclusions— a  crowd  of  facts  concerning  the  ancient  inhabitants,  as  well  as 
the  ancient  surface  of  our  globe,  which  at  first  may  confuse  and  puzzle  us  by  their 
novelty  and  complication,  but  which  all  foil  naturally  into  their  places,  when  they  are 
studied  fairly  and  honestly,  with  a  due  reference  to  existing  nature. 

Geology  is  often  looked  upon  too  much  as  a  detached  science— standing  apart  from 
the  rost^-olmost  repulsive  from  its  numerous  unfamiliar  expressions— overloaded  with 
technicalities,  and  although  interestiog,  almost  too  difficult  to  approach.  But,  like 
every  science  connected  with  natural  history.  Geology  may  be  a  source  of  great  plea- 
sure and  true  enjoyment  at  a  very  small  expense  of  time  or  trouble ;  though  in  order  that 
it  may  be  so,  the  links  by  which  it  is  connected  with  other  sciences  must  be  perceived 
and  understood.  The  enjoyment  derived  from  travelling— from  visiting  beautiful 
scenery,  whether  at  home  or  in  distant  countries— is  at  the  present  day  familiar  to  almost 
every  one;  and  even  those  countries  we  have  not  seen,  have  been  so  frequently  and 
accurately  described,  that  we  may  be  said  to  know  them  almost  equally  weU.  This 
enjoyment  is  derived  partly  from  direct  observations,  and  partly  from  reflection  and 
comparison,  and  when  made  a  special  object  of  study,  involves  a  distinct  science— that 
of  ^ysical  Geography— which,  however,  includes  a  laigo  group  of  fSttcts,  equally  important 
in  themselves,  and  in  their  bearing  on  Geobgy.  Just  in  the  way  by  which  a  knowledge 
of  flowers,  of  insects,  of  birds,  or  of  beasts,  gives  a  fresh  subject  of  interest  to  the  traveller, 
and  sharpens  his  sense  of  what  is  beautiful  in  nature,  so  is  it  also  with  a  knowledge 
of  the  various  peculiarities  of  the  earth's  sur&ce.  Such  knowledge  may  be  regarded  as 
the  most  extended  form  of  natural  history,  and  being  based  on  what  we  obsonre,  with 
regard  to  the  present  course  of  nature,  it  traces  out  and  describes  the  changes  and  modi- 
fleations  that  the  surface  of  our  planet  is  now  undergoing,  and  hence  enables  us  to 
determine  other  changes  which  it  has  undergone,  from  the  earlier  periods  of  its  exist- 
ence up  to  the  present  time. 

In  such  a  description  is  included,  not  only  the  history  of  mechanical  changes,  but 
of  those  also  which  have  affected  the  animals  and  vegetables  Hying  on  the  earth,  or  in 
the  waters  of  the  sea.  Vast  and  almost  boundless  as  the  subject  is,  when  thus  contem- 
platod,  there  are  yet  salient  points,  landmaiks,  as  it  were,  which  characterise  certain 
parts  of  the  subject ;  and  on  these  the  attention,  once  directed,  will  readily  become 
fixed.  These,  then,  it  is  desirable  to  bring  prominently  forward  in  preparing  a  sketch 
of  Geology,  and  they  must  be  arranged  in  such  order  as  to  illustrate^  as  clearly  as  possible, 
the  conclusions  to  be  drawn  from  their  consideration. 

Physical  Geography  may  be  described  as  involving  a  general  description  of  the 
earth's  surface ;  not  in  regaird  to  man  in  his  political  and  social  relations  (which  forms 
the  subject-matter  of  Descriptive  Geography),  but  with  reference  to  all  mutual  relations 
of  matter  and  vitality  on  the  globe.  It  tiius  comprises  a  very  large  and  important 
part  of  a  universal  knowledge  of  nature.  It  treats  of  the  general  conditions  of  matter 
in  the  universe,  and  the  forces  by  which  it  is  affected,— of  the  atmospheric  veil  which 
surrounds  the  globe,  and  the  various  appearances  belonging  to  it,  and  their  results,— of 
the  vast  ocean  that  covers  so  large  a  portion  of  the  solid  surface  with  an  uniform  fluid, — 
of  the  way  in  which  the  land  is  distributed,  the  disturbances  and  alterations  to  which 
it  is  subjeo^  the  mode  in  which  it  has  been  formed,  and  all  the  natural  fiunilies  of  vege- 
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tables  and  animals  that  either  exist  upon  it  now,  or  have  lived  there  in  fanner  timee. 
No  minnte  description  of  districts  can  answer  this  purpose— for  what  is  required  is, 
that  we  should  recognise  unity  in  a  yast  variety  of  phenomena,  and  by  the  exercise  of 
thought,  and  llie  combination  of  observations,  discern  that  which  is  constant  through 
innumerable  apparent  changes. 

The  object  of  the  present  paper  will  be  to  place  in  order  several  groups  of  facts 
which  seem  adapted  to  illustrate  Hie  general  method  of  nature  in  llie  constitution  of  our 
globe ;  and  there  is  no  question  that  such  knowledge  is  interesting  as  well  as  useful, 
and  ought  to  form  part  of  the  general  information  possessed  by  every  person. 

For  this  knowledge  and  studies  of  this  kind  do  not  merely  involve  the  oonmninica- 
tion  of  facts,  but  also  the  habit  of  making  the  best  use  of  those  facts ;  and  they  even 
possess  some  of  the  uses  of  more  abstruse  studies  in  teaching  us  to  think  clearly — to 
separate  that  which  is  unimportant — ^to  place  statements  and  facts  in  the  order  of  their 
relative  importance,  and  thus  to  obtain  a  habit  of  arriving  rapidly  at  just  condusionfl 
from  good  grounds.  The  natural  sciences  possess  this  advantage  in  no  trifling  degree, 
when  studied  properly  and  with  reference  to  general  views. 

But  together  with  this  advantage,  they  possess  also  another,  namely — that  they 
appeal  to  the  feelings  and  the  imagination  as  well  as  to  the  intelleot.  Science  seeks  to 
determine  fiEU^  to  develop  principles,  to  discover  laws.  Philosophy  strives  to  obtain 
vast  generalities  fix)m  these  discovered  fragments— to  ascend  from  matter  and  its  proper- 
ties to  the  influences  which  affect  them,  and  the  superior  and  unseen  powers  at  work 
around  us.  "  The  imagination  seizes  tho  &cts  and  the  theories,  unites  them  by  pleasing 
thought,  appeals  for  trutb  to  the  most  unthinking  soul,  and  leads  the  reflective  intellect 
to  higher  and  higher  exercises ;  it  connects  common  phenomena  with  exalted  ideas,  and 
invests  the  human  mind  with  the  strength  of  truth." 

And  if  such  is  the  case  generally  with  sdenoe,  it  is  so  most  strikingly  with  those 
sciences  which  are  the  basis  of  all,— the  sciences  of  observation  included  in  Fh3rsical 
Geography. 

Kateilals  of  which  the  Satth  is  Foimed.— As  a  flrst  step  in  the  investiga* 
gation  proposed  as  to  the  condition  and  appearance  of  the  earth,  let  us  call  to  mind  a 
few  of  ihe  principal  fiicts  concerning  our  planet  It  has  been  already  observed,  that  we 
live  on  the  suHSeum  of  a  gjlobe  a  little  flattened  at  the  poles  and  bulging  at  the  equator. 
Throe-fifths  of  this  surfiice  is  covered  with  water,  which  reposes  in  the  hollows  or 
depressed  portions  mak  a  certain  distance  below  the  general  or  mean  level,  whatever 
that  may  be. 

No  one  looking  at  a  globe  or  map  (see  page  6)  will  suppose  for  a  moment  that  the 
distribution  of  land  and  water,  and  the  relative  levels  of  different  parts  of  the  snrfiioe, 
are  points  eesmfitial  to  the  condition  of  the  earth,  eitiier  physically  or  with  reference  to 
its  inhabitants.  The  land  is  oddly  grooped  in  triangular  areas.  A  great  proportion  of 
the  whole  land  is  in  the  northern  hemisphere,  and  the  bases  of  all  tiie  triangular  areas 
are  also  directed  northwards.  In  certain  disbicts  we  find  continents  or  lai^e  tracts  of 
land,— in  others  islands  or  small  tracts.  The  islands,  too,  are  generally  grouped,  but 
sometimes  isolated.  These  must  all  be  considered  as,  in  some  sens%  accidmiial  pheno- 
mena, not  necessarily  existing  as  they  now  exist,  and  yet  having  a  very  important 
bearing  on  the  temperature  and  many  other  conditions  of  the  land.  Besides  the  land 
and  water,  our  globe  is  also  CGinpletely  eneased  by  matter  in  a  gaseoos  state.  Now,  a 
very  slight  ftffquft'"*^"^  witli  ChemiBtry  teaches  that  these  three  oonditions  of  land, 
water,  and  air  are  only  particular  finxns  in  which  matter  exists,  owing  partly  to 
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tempetatnre,   and  pardj  to  the   oature  of  the  comlniiatioii  of  a  &ir  elemmitMy 
lubetanoee. 

These  elomentory  suhstanoes  are  hardly  in  any  case  met  with  in  a  simple  state.  Three 
of  the  so-called  four  elements — earth,  air,  and  watei^— being  compounds,  and  the  fouztii 
not  in  any  sense  an  element,  being  merely  a  condition  assumed  during  the  proeess  of 
decomposition  and  recombination  of  different  elements.  The  actual  nature  and  con- 
dition of  the  true  elements  is  a  subject  for  the  chemist  to  discuss,  and  many  of  their 


MAP  or  Tffx  woau). 

prqpeitieB  we  neither  know  nor  perhaps  eyer  can  know,  sinee  we  cannot  meet  with  them 
in  a  state  unafiEected  by  those  imivwsal  laws  through  whose  agency  the  ultimate  atoms 
Mxange  themselYes  into  some  definite  form,  or  are  left  without  definite  shape,  and 
qpiead  abroad  as  gases  or  fluids ;  but,  eombined  with  one  another  in  certain  prt^oitiona, 
and  under  certain  conditions,  they  are  prosenled  for  our  inyestigation.  They  motoally 
aot  upon  one  another,  and,  oonstitttted  as  they  are,  they  beeome  the  cause  of  perpetual 
morement  and  perpetual  change.  But  iMs  is  owing  to  an  agent  of  whioh  we  know  fiir 
less  than  eran  of  those  darkly-comprehended  ultimate  atoms.  light,  heat,  and  the 
▼Bzioua  faima  of  electaicity  are,  so  for  as  we  can  diseoTer,  but  difierent  phenomena  of 
one  weightless,  formless,  non*naterial  agent— ever  present,  «yer  active — distributed 
Unough  infinite  i^ce ;  whose  presence  may,  atany  time,  aadin  efseiyplaee,  bezendered 
instantly  erident;  and  whioh  is  pouibly  brought  into  aotion  by  even  the  smallest  ooa. 
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osbiUe  change  in  the  mfwhanioal  position  of  each  separate  atom  of  created  matter. 
This  agent,  affecting  inorganic  matter,  which  so  surrounds  ns,  without  which  we  cannot 
coottiTB  the  erotmce  of  motioii  or  the  utility  of  matter,  may  almost  be  looked  upon  as 
npreaenting  life  in  inorganic  nature,  and  as  the  mysterious  channel  by  which  the  Author 
of  natore  has  seen  fit  to  exert  his  power  in  building  together  the  whole  material 


The  particles  of  matter  acted  on  by  antag<mist  foroes,  separating  them  frcfm  one 
another,  and  attracting  them  towards  one  another,  are  thus  collected  into  groups  in  the 
three  conditions  already  allnded  to. 

The  BoUd  partielcs  are,  howeyer,  not  so  solid  but  that  those  which  are  fluid 
may  detach  them ;  the  fluids  are  not  so  compact  but  that  some  portion  is  constantly 
being  abeovbedxnto  the  aerial;  and,  on  the  other  hand,  the  a&ial  and  the  fluid  are  not  so 
loosely  compacted  together  but  that  they  also  form  part  of  every  solid,  and  of  one 
anothar. 

Two  gases  (oxygen  and  nitrogen),  with  the  admixture  of  aqueous  rapour,  and  a  very 
small  proportion  of  a  solid  element  (carbon),  form  the  atmosphere ;  two  other  gases 
(oxygen  and  hydrogen),  one  of  them  the  lightest  known,  are  mingled  together,  and 
unite  in  the  liquid  form  of  water ;  one  of  these  (oxygen)  is  so  abundantly  present  in 
that  solid  zooky  matter  which  forms  the  greater  part  of  the  earth's  crust,  that  half  the 
wei^^t  of  the  whole  mass  is  probably  made  up  of  it  The  absence  of  heat,  howerer, 
will  reduce  water  into  a  solid,  and  the  presence  of  heat  will  turn  the  heaviest  and  the 
most  solid  dements  into  air.  We  also  find  the  action  of  electric  forces  frequently 
causing  a  xe-errangement  of  the  partides  in  a  solid  mass — decomposing,  recomposing, 
and  in  every  way  altering  even  those  things  which  we  may  be  inclined  to  think  the 
lesst  dhangeahle  and  the  most  permanent. 

The  first  lesson,  then,  that  we  have  to  learn  in  contemplating  nature  as  she  is, 
involves  the  overturning  of  all  those  ideas  of  stability  and  permanence  which  are 
so  ihmilisr  to  alL  It  was  not  in  vain  that  Galileo  said :— "  £  pur  si  muove."  Not 
only  does  the  earth  move  as  a  mass,  but  everything  about  her  suffsrs  change.  In 
the  air  there  is  a  eonstant  absorption  and  distribution  of  fresh  particles  of  matter,  not 
only  aa  the  sun  rises  or  sets,  but  as  it  varies  its  course  during  every  moment  of  the  day 
and  nif^l  All  nature  is,  in  this  sense,  animated ;  for  the  sea  is  never  so  still,  the  air 
Is  never  so  oahn,  but  that  these  silent,  invisible,  but  often  very  appreciable  changes,  go 
on.  Tlio  whirlwind  and  the  tempest  are  not  the  only,  nor  are  they  the  most  important, 
of  these  movements ;  since  every  breath  of  air,  every  ripple  of  the  water,  would  disturb 
and  disanange  the  perfect  equiHfarium  of  these  two  so-called  elements,  did  it  ever  codst, 
or  had  it  ever  existed. 

It  will  readily  be  understood  that  the  air  and  the  water,  acting,  as  they  do,  upon 
one  another,  and  acted  upon  by  changes  of  temperature,  undergo  eonstant  change  in 
their  internal  condition.  The  mist,  the  doud,  and  the  rain  are  indications  of  this, 
manifest  to  all,  and  every  one  is  only  too  well  aware  that  the  air  is  dearer,  or  less 
dear,  to-day  than  it  was  yesterday,  and  that  every  hour  is  marked  by  some  fresh 
modification.  And  though  not  so  immediately  manifest,  it  is  not  at  all  less  certain  that 
every  soch  diange  in  the  condition  of  the  atmosphere,  with  respect  to  heat  and  mois* 
tuxe,  produces  also  some  result  on  the  more  solid  framework  of  the  earth. 

Sm  AtnuMpkavar^As  one  of  the  fonns  of  matter  on  whidi  mnch  of  the 
peculiar  condition  of  the  surfeoe  of  our  (^be  depends,  it  itf  then  aaoeiBery  to  conaidor 
with  soma  care  the  nature  of  that  gaseous  eovdope  which,  in  aombiaatioin  with  ^ 
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oompleteiy  encloses  us,  and  to  which  we  shall  be  obliged  to  refer  constantly  in  treating 
of  the  Yiaible  and  solid  crust 

Natoral  as  it  may  seem  to  us  at  first  that  the  earth  should  be  provided  with  an^ 
atmosphere,  there  is  no  reason  whateyer  for  supposing  that  other  planetary  bodies  are 
also  so  provided.  Our  satellite,  the  moon,  is  without  any  such  covering,  and  it  seems 
almost  certain  that  there  is  upon  its  surface  no  aqueous  vapour.  With  regard  to  some 
planets  of  our  system,  and  those  distant  bodies  whose  very  light  is  years  and  centuries  in 
reaching  us,  we  know  nothing  with  respect  to  this  condition ;  but  we  must  look  on  all 
atmospheric  phenomena  as  practically  limited  to  our  own  planet. 

When  we  consider,  indeed,  the  use  of  the  atmosphere,  and  its  invariable  relation 
with  us  to  all  forms  of  life,  we  shall  find  that,  on  this  account,  as  for  many  other 
important  reasons,  the  earth  requires  to  be  studied  by  itself ;  and  that,  in  the  conclusions 
we  may  draw  with  regard  to  its  histozy,  or  the  comparisons  we  may  suggest  with  other 
bodies  of  our  system,  we  must  always  keep  within  narrow  limits,  and  not  venture 
beyond  reason  in  speculating  concerning  their  sentient  and  organic  beings.  Inorganic 
nature  appears  to  be  everywhere  governed  by  the  same  laws,  and  is  so  fiir  invariable ; 
but  the  relations  of  inorganio  matter  to  living  beings,  may  differ  altogether  in  every 
case. 

It  is  necessary  to  put  prominently  forward  the  fact  of  this  isolation  of  our  planet 
with  regard  to  the  history  of  its  modifications  and  their  bearing  on  the  phenomena  of 
life.  A  difference,  as  great  as  is  conceivable,  may  exist  in  this  respect  consistently  with 
the  perfect  uniformity  of  nature's  laws.  We  are  too  apt  to  dwell  upon  analogies  and 
resemblances,  as  well  as  differences,  in  minute  and  non-essential  matters,  forgetting  that 
the  true  resemblance  and  diflference  must  be  sought  for  in  the  law,  not  the  operation  of 
the  law. .  In  nature,  indeed,  we  find  little  mere  repetition,  and  yet  we  see  everywhere, 
arotmd  us  such  perfect  harmony,  that,  with  our  limited  faculties,  we  are  inclined  always 
to  expect  identity. 

liOt  us  now  come  at  once  to  the  consideration  of  our  atmosphere  and  atmospheric 
phenomena.  Let  us  endeavour  to  learn  what  it  is — ^what  it  does—what  it  prevents. 
Let  us  consider  how  it  acts,  and  how  far  it  is  connected  with  the  conditions  of  organic 
existence. 

Air  is  a  mixture  composed  of  about  one  part  of  oxygen  gas  with  four  parts  of 
nitrogen;  but  the  atmosphere  also  includes,  under  ordinary  circumstances,  a  snuOl 
quantity  of  carbonic  add  (about  one  part  in  a  thousand),  and  a  considerable  proportion 
of  aqueous  vapour. 

The  following  may  be  taken  as  representing  the  composition  of  a  thousand  parts  of 
dry  air  at  ordinary  temperatures : — 

Oxygen 210-0 

Nitrogen 775*0 

Aqueous  vapour 14*2 

Carbonic  acid 0*8 


1000- 


Whether  we  dimb  lofty  mountains,  or  take  the  air  at  the  sea-level,  this  composition 
is  found  to  be  everywhere  the  same.  But,  in  spite  of  this  fact,  it  is  very  capable  of 
change :  it  parts  readily  with  its  oxygen,  and  is,  tiierefore,  easily  decomposed ;  iron,  for 
instance,  facilitates  its  decomposition  by  its  affinity  for  the  oxygen  of  the  air,  whidi  it 
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suMrftots,  and,  mizmg  with  it  at  its  surikoei  produces  what  we  caU  nut,  or  ojdde  of 
iron.  This  property  of  parting  with  oxygen,  is  a  most  important  ibatiire  in  refeienoe 
to  TegetaUe  and  aodmal  lifb :  all  organio  bodies  require  oxygen  to  live,  hut  they  obtain 
it  with  a  certain  amount  of  mixture,  and  cannot  breathe  the  pure  gas ;  they  do  not, 
indeed,  require  the  nitrogen,  but  it  forms  a  medium  for  the  oouTeyanoe  of  the  other 
gas,  and,  by  a  delicate  arrangement,  the  proportion  is  such  as  is  best  adapted  to  their 
wants.  It  is  not  known  how  fai  either  animals  or  vegetables  are  capable  of  adjusting 
themselTes  to  dififerently  proportioned  atmospheres ;  but,  on  the  other  hand,  there  is 
no  evidenoe  that  such  different  proportions  ever  had  exigence. 

'  Perfbctiy  dry,  air  would,  however,  be  eminently  unfitted  for  the  purposes  of  Ufe. 
We  find,  accordingly,  that  air  has  not  only  the  power  of  absorbing  a  certain  amount 
of  moistiire,  but  that  it  absorbs  it  greedily,  becoming  charged  with  water,  not  merely 
in  the  state  appreciable  by  our  senses,  and  forming  nust,  steam,  or  cloud,  but  mingling 
with  it,  under  ordinary  circumstances,  and  in  a  manner  altogether  invinble.  In  &ct, 
air  receives  water  by  a  process  and  in  a  manner  resembling  that  by  which  fluids  dissolve 
certain  BoUd  bodies. 

The  capacity  of  air  fbr  water  depends  very  considerably  on  its  temperature,  and  it 
is  mainly  owing  to  the  variable  conditions  induced  by  changing  temperature  that  most 
of  the  phenomena  connected  with  the  atmosphere  are  really  produced. 

In  considering  the  relations  of  the  air,  its  mode  of  action  must  be  carefully  regarded. 
Unlike  a  soUdbody,  which  i»  contained  within  alimitedsur&oe— which  has  a  definite  shape^ 
and  an  ascertainable  volume  and  weight ;  unlike  water,  also,  and  other  fluids,  which 
.can  be  retained  in  vessels  while  wo  msnipulate  concerning  them  and  ascertain  their 
properties— air  is  invisible  and  intangible,  and  so  eUstio  as  to  accommodate  itself  at  once 
to  any  space  within  which  it  maybe  confined,  and  filling  all  space  which  is  not  otherwise 
occupied.  Still  we  must  always  bear  in  mind,  that  the  aerial  condition  is  strictly  a  form 
of  matter.  Air  is  heavy ;  it  presses  and  weighs  down  exactly  in  proportion  to  theqnan- 
tity  of  matter  it  consists  of^  and  is  thus  modified  in  respect  of  weight,  both  by  the  quantity 
of  water  it  includes,  and  the  temperature  it  is  affiscted  by.  The  atmosphere  is  limited  in 
extent,  notwithstanding  its  expansibility ;  it  probaldy  roaches  to  a  height  of  sixty  or 
eighty  miles  beyond  the  mean  levd  of  the  sea,  but  there  terminates  absolutely,  although 
it  gradually  becomes  of  less  density  in  its  higher  districts.  We  can  only  judge  of  the 
condition  of  the  limits  of  the  atmosphere  by  optical  and  electrical  phenomena. 

In  mentioning  the  composition  of  the  atmosphere,  it  has  been  refiBrred  to  as  the 
.^important  agent  ix  supplying  oxygen  to  the  plants  and  animals  living  upon  the  earth ; 
tL^  this  is,  no  doubt,  one  of  its  most  important  uses  in  oonnection  with  organio  exist- 
on  )&  Without  it,  life,  in  the  sense  understood  by  us,  could  not  possiUy  have  place 
IP' on  the  earth.  But  it  is  not  only  by  supplying  in  its  proper  proportion  a  material 
ciMcntial  for  oairying  on  life,  that  the  air  is  directly  related  to  the  living  beings  on  our 
gjobe. 

It  is  also  ads^^  to  the  exercise  of  our  senses;  and  first  in  this  respect  is  its  relation 
to  light  The  sun  gives  us  the  great  proportion  of  light  which  we  enjoy,  and  the  reflected 
light  of  the  moon  is  also  very  important;  but  how  very  little  of  cither  do  wo  receive  in 
direct  rays.  The  lig^t  of  the  sun  would  be  of  small  advantage  to  us  but  for  the 
eodstenoeof  an  atmosphere ;  without  it  we  must,  in  all  those  plaoes  where  the  rays  wore 
intercepted  or  were  not  directed,  remain  in  utter  darkness,  and  when  the  sun  had  set  no 
twilight  would  moderate  the  transition  to  night.  All  intermediate  conditions  between 
positive  bciUianoy  and  total  darkness  would  bo  wanting,  were  it  not  that  the  atmosphere 
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we  enjoy  has  the  {Nroperty  of  reflecting  rays  of  ligkt  in  any  direction,  just  as  a  looking- 
^ass.  Each  particle  thus  lends  to  its  neighbour,  and  we  haye  a  graduation  and 
equaluBation  of  light.  So  again  with  reference  to  sound :  this,  in  the  absence  of  an 
atmosphere,  would  not  travel,  for  what  is  it  but  the  efiect  on  our  ear  of  certain  yibia- 
tions  of  the  air,  without  which  it  could  not  reach  from  one  point  to  another  ?  Withoat 
the  adaptation  of  the  air  to  the  transmission  of  such  undulations,  the  earth  would  be  a 
■oondless  space,  destitute  not  only  of  all  the  enjoyments  which  wo  deriye  &om  its 
Tarious  modulations,  but  also  unfit  for  the  use  of  our  present  methods  of  communi- 
cating with  each  other.  The  sense  of  smell  is  another  fiuiulty,  the  use  of  which  depends 
on  the  existence  of  air.  It  is  true  that  odours  are  giyen  off  from  bodies,  but  these  ^ae 
oonyeyod  to  our  organs  of  smell  by  the  air.  We  haye  thus  three  senses — sight,  hearing, 
and  smell — depending  entirely  for  their  exercise  on  the  existence  of  ike  gaseous  envelope 
of  the  earth. 

There  are  three  ways  in  which  we  must  consider  the  atmosphere  to  gain  a  yiew  of 
the  important  purposes  and  ends  it  fulfils  in  the  system  of  nature :  first,  as  in  motion ; 
second,  in  its  influence  on  moisture ;  and  third,  on  climate.  But  the  chief  oonsidecation 
of  &e  two  latter  must  be  reseryed  till  we  haye  explained  the  chief  phenomena  of 
water  and  land. 

The  ordinary  movements  of  the  air  depend  chiefly  on  changes  of  temperature,  and 
are  consequent  on  the  great  and  ready  mobility  of  the  particles  of  air,  when  separated 
by  heat,  or  brought  together  by  cold.  Wind  is  only  air  in  a  state  of  motion ;  but  how 
is  this  motion  originated  ?  We  shall  see  this  by  taldng  the  case  of  the  sea-coast  within 
the  tropics.  The  sun  shines  with  great  heat  equally  on  the  land  and  the  water,  but  i( 
aflbctB  them  difiisrently.  Shining  on  the  earth,  it  causes  it  to  reoeive  a  large  aoccesian 
of  temperature,  but,  as  the  earth  is  a  bad  conductor  of  heat,  its  surfisu^e  remains  com- 
parativdy  hot ;  shining  on  the  water,  a  smaller  quantity  is  absorbed ;  but,  on  the  other 
hand,  all  thus  obtained  is  rapidly  communicated,  by  reason  of  the  conducting  power  of 
aqueous  particles,  Utroughout  -Uie  whole  mass ;  and  thus  any  great  accumulation  of 
heat  in  one  part  of  the  sea  is  precluded. 

By  virtue  of  these  properties  of  fluid  and  solid  matter,  the  air  is,  at  difierent  parts  of 
the  twenty-four  hours,  subjected  to  a  periodic  change,  in  weight  as  well  as  temperature, 
like  a  continuous  ebb  and  flow.  Within  the  tropics,  the  barometer  is  twice  at  its  highest 
elevation — ^viz.,  about  nine  a.w.  and  ten  P.M.,  and  twice  at  its  greatest  depression.  I^iis 
alternation  is  carried  on  with  the  utmost  regularity,  and  without  re&rence  to  other 
changes,  so  that  it  might  sometimes  even  affi>rd  the  means  of  ascertaining,  with  tolerable 
accuracy,  the  hour  of  the  day.  Within  the  tropics  dimate  is  modified  by  the  gales, 
which  in  the  day  set  in  firom  the  sea,  and  in  the  night  from  the  shore.  These  constitute 
the  land  and  sea  breezes ;  they  are  the  result  of  the  alternate  rarefaction  and  oondensa- 
tion  of  air  by  the  heat  of  the  sun  in  the  day,  and  the  cold  arising  from  radiation  at 
night.  These,  however,  are  causes  acting  only  within  limited  districts,  and  we  must 
look  for  other  causes  to  account  for  those  larger  and  more  general  displaoemants  which 
are  common  to  a  &r  more  extensive  range  than  that  we  have  just  noticed.  We  must 
have  regard  to  the  configuration  of  the  earth,  and  the  manner  in  which  it  TooeivBS  heat. 
As  a  globe  revolving  on  its  own  axis,  and  receiving  heat  from  the  sun,  to  which  its 
sur&oe  is  not  equally  and  alike  exposed,  we  know  that  it  will  be  heated  in  proportion  not 
only  to  the  length  of  time,  but  also  to  the  angle  at  which  the  rays  of  the  sun  strike  it 
On  this  account  the  tropics,  on  which  these  rays  fitU  most  vertically,  are  the  hottest 
parts.    In  consequence  of  the  expansion  of  the  air  when  heated,  which  takes  plaoe  in 
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acoordaiioe  witib  the  known  laws  of  the  action  of  heat  upon  any  gas,  the  dennty  of  the 
air  is  llien  lessened,  and  it  ascends  to  a  higher  region.  To  compensate  for  this  loss,  and 
to  restore  the  equilibrinm,  a  body  of  cold  air  rashes  from  the  north  and  aondi  poles 
towards  the  equator.  But  besides  these  two  currents,  whose  region  ia  the  lower  part  of 
the  btmosphere,  there  must  be  two  otliers  which  conyey  the  air  which  haa  been  nueAed 
oyer  the  equator  back  again  to  tlie  poles.  This  air,  however,  trayek  along  at  a  great 
altitude  by  yirtuo  of  its  small  density  until  it  reaches  its  destination  at  the  poles,  and 
becomes  condensed.  But  these  tendencies  of  the  air  to  circulate  to  and  from  tiie  poke 
and  the  equator  are  greatly  modified  by  the  motion  of  the  earth  from  west  to  east 
Beyolying  in  this  direction,  the  earth  drags  with  it  its  gaseous  eoyering,  which,  how- 
ever, being  of  much  less  density  than  the  earth,  is  less  affiseted  by  the  momentum  with 
which  that  body  reyolyes,  and  is  therefore  partly  left  behind.  In  oonsequence  of  the 
earth  being  a  sphere,  its  motion  on  its  axis  near  the  -pokes  is  nothing  compared  with 
that  at  the  equator.  Thus,  on  the  whole,  a  westerly  direction  is  giym  to  the  polar 
currents. 

A  'pat  of  the  air  being  left  behind  by  the  earth  in  its  motion,  sweeps  the  surfaoe  in 
a  direction  opposite  to  that  of  the  earth.  This  forms  the  trade-winds,  which  are  met 
with  28^  north  and  south  of  the  equator.  The  joint  x^eeult  of  this  direction  of  the 
motion  of  the  air,  one  current  being  from  the  east,  and  one  from  each  pole  to  the 
equator,  is  the  formation  of  two  winds,  one,  formed  by  the  eurrents  from  the  north  pole 
and  from  the  cast,  blowing  to  the  south-west,  and  the  other,  formed  by  the  southern  and 
eastern  currents,  setting  towards  the  north-west.  These,  however,  are  periodical  winds, 
depending  on  the  relations  of  the  earth  to  the  sun  at  diffnrent  periods  of  the  year,  and 
having  reference  also  to  the  form  of  land.  Of  this  character  are  the  monsoons,  which 
blow  within  the  tropics  from  the  Bouth-wwt  fbnn  April  to  October,  and  from  the 
south-east  from  October  to  April. 

It  is  not  known  with  certainty  where  particular  winds  originate.  Most  of  the  pheno- 
mena which  we  have  been  able  to  observe,  however,  show  its  commeDsement  on  the 
land,  and  indicate  dependence  on  its  configuration  and  physical  conditions,  aneh  «•  the 
accumulation  of  a  great  mass  of  land  in  the  nortiiem  hemisphere. 

After  the  motion  of  the  air,  its  condition,  as  charged  with  moisture,  may  be  notioed. 
The  facility  with  which  hot  air  takes  up  water  is  well  known.  In  its  evaporatod  state 
water  Ib  easily  conveyed  over  the  land,  and  the  quantity  is  aometimos  very  great. 
Sometimes,  by  the  passage  of  a  body  of  dry  air,  lofty  mountains,  as  the  Andiea,  have 
been  denuded  of  their  covering  of  snow.  The  changes  in  the  state  of  the  atmosphere 
are  due  partiy  to  changes  of  temperature,  and  partly  to  changes  oi  deotrioal  condition. 
The  causes  are  difficult  to  make  out,  but  they  are  unquestionably  connoeted  with  these 
agents.  It  is  easy  to  understand  how  air,  passing  over  water,  is  capable  of  changing 
its  state  to  that  of  vapour,  and  how  afterwards  it  is  condensed ;  but  it  is  necessary  to 
consider  the  subject  with  reference  to  different  parts  of  the  earth,  because  there  are  some 
&ctB  affecting  the  falling  of  rain,  which  are  not  alike  in  all  eoontries,  and  which  pre- 
sent difiiculties.  ^When  the  air  is  charged  with  aqueous  vapour,  so  that  it  oannot  hold 
any  more,  any  reduction;  of  its  temperature  will  mauafestly  bring  on  a  precipitation  of 
moisture. 

The  air  during  the  day  is  heated  by  the  sun,  and  in  that  state,  passing  owr  tiie 
water,  absorbs  a  portion.  After  sunset  the  earth  cools  the  air  at  its  snxiboe,  which  is 
therefore  less  capable  of  retaining  nunstnre;  it  becomes  denser,  and  deposits  its  moiature 
in  the  shape  of  small  drops ;  and  we  have  thus  the  ordinary  phenonaBa  of  dsw  in  oar 
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own  ooimtry,  and  in  the  temperate  cone.  When,  however,  instead  of  thia  change  taking 
place  after  flonaet,  it  oocura  dniing  the  day  from  a  Tariation  of  the  wind,  or  acme  other 
canae  which  we  shall  have  hereafter  to  explain,  then,  instead  of  this  dew,  wehaye  small 
veaicles,  or  ratlier  globules,  of  water  suspended  in  the  air,  which,  if  near  the  earth,  tann 
mist,  axid,  if  aboTO  the  earUi,  become  douds.  If  this  happen  over  the  surface  of  a  large 
body  of  water,  as  the  sea,  it  may  be  blown  by  the  wind  to  a  oonsLdeiuble  Hib«»ti^  ^ 
it  reaches  the  land,  where  it  is  difEiarently  affected,  according  as  the  land  is  of  a  high 
or  low  temperature.  If,  in  its  progress,  it  encounters  two  currents  of  different  electric 
condition,  we  shall  have,  perhaps,  a  hail  or  thunder  storm.  Snow  is  produced  when 
the  temperature  of  the  air  is  at,  or  a  little  below,  tlie  freezing  point  of  water,  and  is 
composed  of  drdps  Tery  per^Bctly  crystallised.  When  the  temperature  is  much  lower, 
the  water  fbrms  into  hard  grains. 

The  quantity  of  rain  fiidling  in  diffaient  places,  at  different  parts  of  the  year,  TBzies 
remarkably,  and  affords  matter  for  the  most  interesting  speculation.  Some  districts  are 
totally  destitute  of  rain,  though  no  doubt  air,  loaded  with  aqueous  rapour,  passes  over 
them  as  well  as  oyer  other  places.  In  South  America  an  earthquake  is  a  much  conun<aier 
phenomenon  than  a  shower  of  rain.  On  the  whole,  a  much  greater  quantity  of  rain 
falls  near  the  sea  than  inland,  while  yast  tracts  of  land  in  the  interior  of  continents 
often  receiye  a  yery  small  supply.  A  much  greater  quantity  of  rain  is  obseryed  to  £1!! 
in  Portugal  than  in  France,  and  much  more  in  the  southern  parts  of  England  than  in 
the  northern.  On  the  east  coast  of  Spain  there  are  places  where  rain  does  not  fall  for 
many  yean  together. 

Such,  then,  are  some  of  the  appearances  and  results  consequent  upon  the  thin,  tran- 
sparent, and  often-fbrgotten  yeil  of  air  which  surrounds  our  globe.  Without  it  our 
existence  could  not  continue ;  the  whole  surface  of  the  earth  would  at  once  relapse  into 
the  lifiT-TrnftM  and  stillness  of  the  grave.  Without  it  we  could  not  see ;  we  could  not 
hear;  we  could  not  breathe.  Without  it  the  sun  might  shine ;  but  his  beams,  com- 
municating light  and  heat,  would  be  useless  to  us,  and  to  all  nature  around  us.  There 
would  be  no  distribution  of  heat  or  moisture ;  no  beautifiil  sky  to  contemplate ;  no  refresh- 
ing rain ;  no  purifying  wind.  The  absence  of  this  one— perhaps  it  may  seem  the  least 
important  of  the  powers  around  us— would  involve  immediate  destruction  to  every 
living  thing.  On  the  other  hand,  its  presence  insures  those  changes,  and  produces  those 
modifications  of  the  great  powers  of  nature  that  minister  so  much  to  our  necessities,  our 
comforts,  and  our  enjoyments.  It  is  surely  worth  while  to  know  something  of  a  portion 
of  the  globe  which  exhibits  so  much  that  is  interesting,  as  well  as  prevents  so  much  that 
would  be  destructive. 

It  is  also  well  to  notice  here,  that  as  by  the  atmosphere  we  are  enabled  to  appreciate 
and  use  ligiht>  so  by  light,  by  the  propagation  of  luminous  waves  through  that  infi- 
nitely subtle  ether  which  pervades  all  space,  do  we  enter  into  relation  with  all  fbrms 
of  matter,  whether  existing  in  spheres  which  roll  onwards  in  their  course,  or  forming 
that  portion— if  portion  there  be — which  exists  stall  in  a  dispersed  form.  light,  pro- 
pagated by  undulations,  and  sound — ^the  propagation  of  force  through  matter, — these 
are  strictly  analogoas  phenomena,  and  these  connect  celestial  with  terrestrial  mechanics. 
All  matter  in  the  imiverse  is  governed  by  the  same  law  of  gravitation,  and  all  matter  is 
connected  by  the  atmospheric  or  etherial  envelope,  which,  in  one  way  or  other,  is 
existent  everywhere* 

Watei.— There  are  Haw  objects  in  nature  more  striking  or  more  affecting  to  the 
imagination  than  the  eontemplatinn  of  a  great  body  of  water  acnimnlated  within  a 
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sini^  area.  Thia  appears  to  bo  the  oaae  whether,  standing  on  a  lofty  prominenoe)  at  the 
oztremity  of  some  tract  of  land,  ve  watch  the  long  swell  of  a  great  ocean  rolling 
steadily  but  unceasingly,  and  '^••^«"g  at  regular  intervals  against  the  shore  beneath  us, 
or  whether,  homo  acroas  the  wild  waste  of  waters,  we  see  reflected  on  the  surface  the 
perlbct  vault  of  heaven,  or  listen  to  the  fury  of  the  storm ;  whether  we  admire  the  tints 
of  evening,  or  watch  at  early  dawn  the  emernon  of  the  sun  from  the  bosom  of  the 
ocean ;  whether  we  trace  the  constant  flow  of  a  mighty  river,  as  it  moves  ever  onwards 
in  its  course,  or  whether,  planting  ourselves  at  some  favoultable  spot,  we  listen  to  the 
noise,  and  watch  till  we  are  giddy  the  boiling  torrent  of  the  waterialL  In  whatever 
way  we  allow  our  imagination  to  dwell  on  this  theme,  it  still  presents  the  same  idea  of 
vaatness,  indefinite  power,  and  untiring  motion.  The  sea  and  its  tributaries,  under  all 
circumstances  and  in  all  respects,  thus  deserves  special  notice  in  treating  of  Physical 
Geography ;  and  in  endeavouring  to  picture  some  of  the  many  instructive  phenomena 
presented  by  the  various  modes  of  action  of  the  aqueous  veil  that  partly  covers  our 
globe,  I  shall  be  i^ypealing  to  feelings  readily  excited,  and  only  requiring  to  be  recalled 
that  they  may  be  considered  in  their  mutual  bearing. 

When  we  daas  the  phenomena,  wo  shall  soon  perceive  their  meaning  and  importance. 
Thus,  the  great  iSusts  of  the  distribution  of  water  on  the  globe  require  to  be  considered 
by  themselves  as  of  great  and  immediate  bearing  on  the  history  of  the  globe.  We 
must,  however,  also  bring  under  consideration  the  motion  of  watei^its  waves,  its 
tides,  and  its  currents — its  mode  of  circulation,  and  the  means  of  obtaining  that  constant 
supply  necessary  for  fertilizing  the  earth,  and  rendering  it  fit  for  animal  and  vegetable 
inhabitants.  And  then,  lastly,  there  is  the  efibct  of  moving  water  upon  land :  so  that 
many  very  striking  and  interesting  phenomena  are  introduced,  much  observation  is 
needed,  and  many  conclusions  are  arrived  at  by  the  consideration  of  the  part  of  the  sub- 
jeot  now  before  us.  I  shall  only  bo  able  here  to  point  out  the  principal  direction  which 
observation  has  taken,  and  inform  the  reader  of  a  few  of  the  great  results.  It  is 
a  subject  full  of  novelty,  full  of  difficulty,  and  full  of  interest ;  and  connected  as  it  is 
directly  with  the  subject  of  Meteordlogy,  it  is  already  assuming,  under  the  name  of 
Hydrography,  or  Hydrology,  the  character  of  a  definite  science. 

The  first  part  of  the  subject  involves,  as  I  have  said,  the  distribution  of  water  on 
the  globe.  The  details  of  this,^-an  account  of  the  names  and  dimenaions  of  those 
portions  of  the  great  ocean,  or  of  those  large  bodies  of  fresh  water  forming  lakes, 
which,  firam  the  position  and  form  of  land,  have  been  designated  by  difforent  nameS|— 
aU  this  belongs  rather  to  Descriptive  than  Physical  Geography. 

The  distinctions  wo  have  here  to  draw  are  of  another  kind.  We  wish,  for  example, 
to  draw  attention  to  the  foot  that  different  seas  have  very  difierent  physical  conditions; 
that  there  are  some  large  tracts  occupied  by  salt,  and  others,  smaller  but  also  important, 
by  fresh  water ;  that  there  is,  in  some  parts,  open  ocean,  and  in  others  a  sea  dotted 
over  with  numerous  idands ;  that  there  are  large  tracts  of  deep  sea,  and  others  of  shoal 
water ;  and  that,  while  the  great  body  of  the  ocean  is  fluid,  there  are  small  portiooB 
near  the  poles  constantly  occupied  with  water  in  a  solid  form. 

The  water  on  the  suifoce  of  the  earth  exists  either  as  open  ocean,  con- 
neoted  throngfaout,  and  having  everywhere  the  same,  or  very  nearly  the  same,  mean 
level,  and  the  water  oolleoted  fitnn  the  clouds,  and  ru^iing  down  with  various 
degrees  of  rapidity,  to  lose  itself  once  more  in  the  ocean  from  which  it  was  at  first 
darived.  The  ocean,  however,  is  mm  essentially,  and  is  only  connected  with  the  other 
waters  by  a  constant  droulation  arising  from  ever-vaxying  conditions  of  ten^era- 
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tore,  vriOiiiL  certain  linuta,  which  axe  ohsEacteristio  of  the  pneflsnt  position  of  our  eaiih 
inspaee. 

The  general  propoitunis  of  water  and  land  are  clearly  as  10  to  3,  but  the  distriha- 
tion  is  altogether  irregnlar,  the  land  being  almost  confined  to  the  northern  henuspherey 
which  we  may,  therefore,  call  the  area  of  the  land,  while,  in  like  manner,  the  aonthem. 
may  be  lodked  on  as  a  yast  area  of  water.  Besides  the  usual  constituents  of  water, 
that  of  the  ocean  is  greatly  impregnated  with  extraneous  matter,  the  principal  of  which 
is  common  salt,  in  the  proportion  of  three  per  cent,  or  one-thirty-eighth  of  its  weight. 
The  density  yaries  somewhat,  increasing  towards  the  tropics,  but  depending  locally  on 
the  amount  of  fresh  water  thrown  into  the  sea  by  riyers.  Doubtless  this  saltness  ia 
important,  by  reason  of  its  adaptation  to  some  forms  of  animal  life,  but  there  is  no 
ground  for  the  supposition  which  has  been  put  forward,  that  in  its  absenoe  the  water 
would  become  impure  or  putrid. 

The  distinctions  of  the  seas,  some  being  open  or  inland,  others  forming  bays  or  gulfs, 
according  to  the  shape  of  the  coasts  by  which  they  are  bounded,  need  only  be  mentioned. 
The  principal  accumulations  of  water  are  called  the  Pacific  and  Atlantic  Oceans,  the 
former  extending  from  the  western  coast  of  America  to  the  eastern  side  of  Asia  on  the 
north,  and  reaching  the  antarctic  circle  in  the  south.  The  Indian  Ocean,  though  a 
portion  of  the  Pacific,  is  sometimes  designated  by  its  own  name.  The  Atlantic,  differ- 
ing from  the  other  in  some  striking  respects,  extends  from  tiie  west  of  Europe  and 
Africa  to  the  east  of  America,  and  presents  some  of  the  peculiarities  of  a  riyer  yalley, 
its  two  opposite  sides  bcoring  marked  relations  to  each  other,  both  of  figure  and  posi- 
tion. Thus,  looking  at  the  map  (see  Fig.  2),  we  see  the  prajections  of  one  coast 
answer  to  corresponding  indentations  on  the  other.  In  its  narrowest  part,  between 
Europe  and  Oreenland,  the  Atlantic  canal  is  about  one  thousand  miles  wide,  whence 
it  opens  to  the  south-west,  according  to  the  shape  of  the  two  continents,  and  attains, 
in  the  northern  tropics,  the  breadth  of  more  than  four  thousand  miles ;  below  this 
point  it  inflects  to  the  north-west  and  south-east,  in  which  we  again  discern  the  cor- 
respondence of  the  two  coasts.  This  form  of  the  coast  lines,  combined  with  the  preyalent 
currents,  contribute  to  produce  some  striking  results,  which  will  appear  presently. 
Notwithstanding  the  great  efforts  which  haye  been  made,  and  the  hardships  endured 
in  exploring  the  }>olar  seas,  litde  is  as  yet  known  respecting  them.  Since  the  yoyage 
of  Behring,  there  has  been  no  doubt  that  Europe  and  America  are  disconnected  by 
water  on  the  Atlantic  side :  and  the  important  problem  that  has  recently  been  solyed, 
in  proying  the  possibility  of  a  north-western  passage,  determines  the  question  long  di^ 
cussed  as  to  whether  or  not  the  land  of  the  two  continents  were  connected  towards  the 
north  pole.  In  addition  to  the  two  great  oceans,  we  meet  with  salt  seas  ocei^ying  a 
position  in  the  land  similar  to  that  of  a  peninsula  in  the  water,  being  almost  surrounded 
by  it,  whence  they  are  called  inland  seas ;  such  are  the  Caribbean  and  Caspian  Seaa 

The  general  depth  of  the  ocean  is  at  present  only  a  matter  of  speculation,  as  in  many 
parts  no  line  as  yet  has  reached  the  bottom.  There  does  not,  howeyer,  seem  any  reaaon 
to  suppose  that  its  mean  depth  bears  any  corresponding  relation  to  the  eleyation  of  moun- 
tains. It  is  generally  in  the  open  sea,  at  a  distance  from  land,  that  the  depth  is  greatest; 
but  this  is  not  uniyersally  the  case,  for  in  the  Pacific  the  bed  of  the  sea  has  an  abmpt- . 
neas  which  has  nothing  corresponding  to  it  among  mountains.  The  range  of  tem- 
perature of  the  water  is  not  so  great  as  that  of  the  sur&oe  of  the  land,  which  wiE  be , 
easily  understood  by  a  reference  to  its  tendency  to  equality.  With  respect  to  its  tern- 
peratare  atdiiRsrent  depths,  there  is  not  that  altsratiiDn  idiich  a  oenaideratiQai  of  the  | 
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r  of  heated  partidca  to  rise  to  the  surfiEtce  might  hare  led  us  to  expect.  In 
amne  nurfance^i  howerer,  a 'special  agency  ia  at  work,  whoae  operationa  we  are  ahle  to 
foUow.  Tho  moat  prominent  of  theee  conaist  of  y axioua  cnirenta  beneath  the  surfiioe, 
wfaidi  oasvey  the  water  of  a  colder  region  to  a  warmer.  At  a  distance  from  land  the 
mean  tamperatore  of  the  water  at  the  surface  is  higher  than  the  air  of  the  locality,  but 
tins  is  subject  to  the  yariations  of  the  air  in  the  night  and  the  day.  Water  is  colder 
in  ahallofw  places,  as  on  a  bank,  than  where  it  exists  at  a  greater  depth. 

neoomnderatLon  of  the  tides  is  a  subject  of  great  interest,  both  as  affording  material 
fat  Bcieotific  reaearch,  and  as  bearing  on  the  important  art  of  nayigation.  Their  con- 
nezion  with  the  changes  of  the  moon  was  noticed  ages  before  her  influence  received  any 
aoMBtific  explanation.  That  general  influence  which  the  moon  exerts  on  our  pUmet  is 
mndifWwi,  in  the  case  of  the  water,  by  the  capacity  of  its  particles  of  motion  amongst 
theoMdyea.  Our  soteUite  moyes  out  of  its  place  a  quantity  of  water  in  the  shape  of  a 
w«ye  on  that  side  towards  her,  and  this  waye  follows  her  apparent  course.  Thus  the 
water  of  an  open  ocean  would  attain  its  greatest  height,  each  day,  at  any  given  place, 
what  thst  spot  came  beneath  the  moon's  influence.  At  the  same  intant,  however,  tho 
exactly  oppoaitB  point  of  the  earth  would  appear  to  be  in  the  same  condition,  owing  to 
the  remoyal  of  the  earth  by  the  moon's  attraction.  There  are  thus  two  tides  in  each 
twenty-four  hours.  The  sun,  though  so  much  more  distant,  also  produces  some  effect, 
and  thus  when  ihe  moon  is  fall,  attraction  being  exerted  by  the  sun  at  the  same  time,  tho 
tides  are  at  the  highest. 

Bat,  although  these  are  the  general  effects,  comdderahLe  modification  takes  place, 
aeeording  to  loeal  ciicunistanoes,  such  as  strong  galea,  the  form  of  land,  the  shape  and 
size  of  the  channelB  of  rivers,  &o.  Thus,  where  the  banks  conyerge  in  the  shape  of  a 
fimnal,  the  tidal  water  is,  as  it  were,  gathered  up  and  rises  in  height ;  but,  if  it  expands 
tram  the  mouth  inwards,  the  tide  dies  away,  and  is  lost ;  in  the  former  way  it  attains, 
in  the  Bristol  Channel,  an  elevation  of  firom  seventy  to  one  hundred  feel  The  time  of 
hig^  water  is  inregular  in  narrow  seas,  owing  to  obstructions  of  various  kinds ;  fix)m  a 
cause  of  this  nature  the  tide  of  the  German  Ocean  is  twelve  hours  reaching  London 
Bridge. 

Connected  with  these  phenomena  are  wayes,  which  arc  of  several  kinds— ^e  tidal 
ware,  or  wave  of  translation,  which  conveys  its  water  from  one  part  to  another,  and  the 
oaciUating  wave,  by  whose  agency  the  water  undergoes  no  change  of  locality,  but 
merdy  of  form.  These  are  the  only  two  that  are  unportant  in  questixms  of  Physical 
Geogn^ihy. 

The  magnitude  of  wayes  is  a  matter  which  there  is  some  difficulty  in  determining. 
Hie  ordinary  waves  of  the  Atlantic  have,  however,  been  observed  to  attain  an  eleva- 
tion of  about  twenty  feet,  with  a  length  of  one-hundred-and-sixty  feet,  and  a  velocity 
oftweDty-flvetotfadrty  miles  per  hour.  Dr.  Sooreeby  gives  about  the  same  as  the 
mean  eleyation  with  rather  a  hard  gale  a-head ;  but  on  one  occasion,  with  a  hard  gale 
and  heayy  squalls,  some  few  waves  attain  a  height  of  forty-three  feet,  with  a  length  of 
neariy  six  hundred  feet,  and  a  velocity  exceeding  thirty  ndles  an  hour. 

Marine  cunents  are  of  various  kindfr-one  produced  by  the  steady  action  of  uniform 
winds  such  as  the  trade  winds  and  monsoons,  and  not  reaching  bdow  the  sur&ce  of 
fte  water ;  another  produced  partly  by  the  culmination  of  the  water  to  the  equator, 
owing  to  the  fism  of  the  earth  and  the  position  of  the  land,  and  partiy  by  the  aj^mient 
tondeoey  of  the  water  to  rise  in  a  direction  contrary  to  the  motion  of  the  euth  on 
itosDiL    Owing  to  the  mobility  of  the  partiidee  of  water,  these  do  not  so  readily 
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partake  of  the  motion  of  the  earth  on  its  axis,  and  thus  is  produced  an  apparent 
motion  from  east  to  west ;  this  is  called  the  equatorial  current.  Another  current,  analogous 
to  what  we  find  in  the  atmosphere,  sets  in  from  the  poles,  and  is  occasioned  hy  the  ruahing 
of  the  cold  water  to  the  equator.    The  waters  of  the  Pacific  Ocean,  proceeding  from 


Fio.  S<— MAP  or  oDassicTB  a  thx  atlaxtzc 


the  antarctic  circle,  and  crossing  the  equator,  strike  against  the  coast  of  Africa,  pro- 
ducing a  current  through  the  straits  of  Madagascar  (see  Fig.  2).  This  coming  down  the 
south  coast  of  Africa,  meets  another  current,  and  both  come  roimd  the  Cape  of  Good 
Hope,  where  they  divide,  one  part  going  towards  the  coast  of  America,  and  the  other 
portion  joining  that  current  which  is  forced  along  the  African  coast,  and  rushing 
towards  the  equator.  The  former  and  principal  part  reaches  the  coast  of  South  America 
in  about  the  latitude  of  Guinea,  and  is  broken  into  two  portions— one  going  to  the  coast 
of  Bimsil,  and  the  other  to  the  Gulf  of  Mexico.    This  latter  makes  a  complete  drole  in 
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the  mat  inland  aea  between  the  two  Americas,  and  comes  out  near  the  ooost  of  Florida, 
faiHrig  a  northerly  direction,  and  xe-croases  the  Atlantic  to  the  shores  of  Europe.  So 
certain  is  the  ooiirse  of  this  circuitous  current,  that  bottles  cast  into  the  sea  at  the  part 
where  this  stream  has  its  rise  have  been  often  found,  after  a  certain  time,  on  the  coast 
of  Spain.  The  mean  speed  with  which  this  body  of  water  adTances  is  ten  miles  per 
diem,  but  in  some  parts  of  its  progress  it  flows  mucji  fiister  than  at  others ;  that 
which  oomes  from  Mexico  to  Florida,  called  the  Gulf  Stream,  trayels  at  the  average 
rate  of  thirty-eight  miles  a  day,  and,  therefore,  there  must  be  in  some  parts  a 
Tory  alow  motion.  Such  a  current  as  this  has,  however,  very  important  effects. 
The  body  of  water  running  along  the  coast  of  AMca  across  the  equator,  becomes 
mnoh  warmer  than  when  at  the  Gape  of  Good  Hope,  and  it  is  not  chilled  by  passing 
through  the  Gulf  of  Mexico.  This  vast  body  of  water,  three  hundred  miles  broad, 
of  considerable  depth,  and  issuing  very  warm,  tends  to  eleTste  the  temperature  and 
modify  the  climate  of  the  coast  of  Europe.  Were  the  shape  of  America  different  from 
its  present  figure,  however,  and  the  current  not  forced  on  one  side,  warm  air  would  not 
then  be  conveyed,  and  the  temperature  of  Europe  would  be  considerably  changed. 
AxLotiier  important  oceanic  stream  is  an  Arctic  current  coming  down  flx>m  the  poles,  and 
bringing  with  it  not  warm  air,  as  in  the  other  instance,  but  a  body  of  ice.  This  current, 
impinging  on  the  banks  of  Newfoundland,  produces  constant  fogs,  which,  for  weeks 
together,  never  move  from  the  coast. 

Clouds  and  Bala.— By  the  constant  evaporation  going  on  firom  the  surfSace  of 
tho  earth,  as  well  as  from  the  sea,  moisture  is  continually  being  drawn  up  into  the 
douds,  and  conveyed  to  different  parts  of  the  earth ;  after  which,  by  various  causes, 
it  ia  condensed,  and  precipitated  on  the  land.  This  occurs  particularly  in  mountainous 
districts,  from  which  most  large  rivers  take  their  rise— as  the  Bhine  and  the  Bhone. 
Some,  however,  instead  of  rising  among  mountains,  originate  in  a  spring;  of  this 
number  is  the  Danube.  Their  course  is  dependent  on  the  physical  structure  of  the 
coimtry  and  its  mountain  chains.  Where  a  river  valley  is  large,  the  declivity  is  gene- 
rally less  considerable  than  where  it  is  more  contracted. 

The  formation  of  clouds  and  the  precipitation  of  rain  are  Ultimately  connected  with  tho 
origin  of  rivers  and  springs.  The  moisture  which  is  extracted  from  tho  earth  is  capable 
of  being  absorbed  by  air,  according  to  its  temperature,  and  in  this  state  of  vapour  is 
conveyed  to  considerable  distances.  When,  by  the  action  of  a  cold  current,  the  pre- 
sence of  a  lofty  mountain-chain,  or  any  similar  cause,  tins  body  of  air  is  chflled,  it  is 
no  longer  capable  of  holding  its  moisture  in  suspension,  and  deposits  it,  according  to  the 
temperature  at  which  its  condensation  takee  place,  in  the  form  of  rain,  hail,  or  snow. 
The  quantity  of  water  collected  may  either  form  a  river,  or,  penetrating  some  permeable 
strata,  run  under  ground,  till,  finding  some  external  outiet,  it  issues  as  a  spring. 
These  springs,  resting  on  impermeable  beds,  often  run  to  a  considerable  length  before 
they  find  an  opening.  The  general  temperature  of  springs  is  the  mean  of  the  cUmate  in 
which  they  exist,  but  where  they  rise  from  a  great  depth  they  are  usually  warmer. 
Their  water  ia  always  charged  with  some  air,  and  many  of  them  cental  mineral 
substances,  as  carboidc  acid,  sulphureted  hydrogen,  or  nitrogen  gases,  soda,  ammonia, 
magnesia,  &c.  There  are  also  thermal  springs,  having  a  temperature  very  much  elevated 
above  that  of  the  surfltce. 

The  quantity  of  water  received  from  the  atmosphere  upon  the  land,  in  various 
parts  of  the  earth,  £b  very  large,  being  estimated  at  not  less  than  thirteen  hundred 
miUions  of  gallons  per  second  throughout  the  whole  year ;  at  least  one-half  of  this 


INORQANIO  NATURE.— Nr.  I. 


Digitized  by  LjOOQIC 


18 


BITEBS  AKD  UTEK  STBTEXB. 


qnaatitj  is  believed  to  run  offtiie  mnrhc9  into  the  wa  dinctlyliy  tliAiririoiit  rivan  dit-> 

tribnted  in  all  lands.  Of  the  other  half,  a  large  xntrt  is  re^orapomted,  and  the  zenam- 
ing  portion  passing  within  the  earth,  supplies  natuml  springs,  and  keeps  the  abaorbeBt 
ToAa  folly  charged  with  moisture. 

MiTM»  abA  Hiwex  SystenM.— In  another  paragraph  the  aabjeot  of  aMmntam- 
chains,  table-lands,  plains,  and  yalleys,  will  come  into  consideration  in  detail.  At  pee- 
sent  it  is  only  necessary- to  refer  to  the  commonest  ilhistrations  of  these  vaiietiea  of  fenoy 
to  show  that  the  whole  of  the  land  must  necessarily  be  divided  unto  certain  portions, 
within  which  the  drainage  will  be  constantly  tending  towards  some  one  or  mora  oudets. 
The  yarions  ridges  that  include  such  areas  are  called  wat&T'^keth,  The  springs,  brooks, 
and  riyulets  which  combine  to  fbnn  a  riTsr,  and  are  thus  conveyed  either  to  the  sea  or 
some  depression  in  the  interior  of  a  continent,  form  what  is  called  arisar  lystofi  diaining 
a  river  batm  ;  and  within  each  principal  basin  are  often  oontained  nnmeroiu  and  widely 
distant  districts,  and  many  conaideTable  streams. 

The  largest  by  hi  of  such  basins  are  on  the  continent  of  America,  where  we  find  that 
of  the  Amazon,  including  within  a  single  line  of  water-shed  upwards  of  a  million  and 
a  half  of  square  miles  of  land— an  area  three  times  as  great  as  that  supplying  all  the 
European  riven  that  empty  themselves  into  the  Atiantic.  This  gigantic  stream,  the 
largest  on  the  globe,  runs  more  than  three  'thousand  miles  (including  windings)  before 
reaching  the  sea.  It  is  navigable  almost  two  thousand  miles  from,  its  source ;  is  in 
some  places  six  hundred  feet  deep,  and  is  nearly  a  hundred  miles  wide  at  its  mouth. 
More  than  twenty  superb  rivers  contribute  their  waters  to  swell  its  volume ;  and  the 
current  of  fresh  water  rushing  from  it  floats  over  the  denser  brine  of  the  ocean,  and  is 
easily  recognised  three  hundred  miles  from  the  shores  of  America. 

Nor  is  this  noble  stream  without  rivals,  although  none  equals  it  in  ertent. 
The  Mississippi,  together  with  its  main  tributaries,  the  Missouri  and  Ohio,  also  drains  a 
million  of  square  miles  of  land.  The  Missouri  only  empties  itself  into  and  {(sodm  part 
of  the  Mississippi,  after  having  run  a  course  of  three  thousand  miles,  at  a  rate  varying 
from  four  to  five  and  a  half  miles  per  hour.  While  the  Amazon,  in  its  progress  through 
tropical  forests  and  untrodden  wilds,  must  be  regarded  as  the  most  gigantic  of  streama, 
the  noble  and  majestic  Mississippi  still  retains  and  deserves  its  title  of  the  ^  Father  of 
Waters,"  owing  to  the  great  number  and  importance  of  its  tributaries,  whoae  waten 
it  carries  down  from  the  shares  of  the  great  lakes  to  the  Gulf  of  Mexioo. 

The  great  rivers  and  river  systems  are  to  be  regarded  in  reference  to  the  ooeani  wiflL 
which  they  are  connected.  Thus  the  Amanm,  the  Plate,  and  Orinoco,  in  Booth 
America;  the  St.  Lawrence,  with  its  vast  lakes  in  the  North ;  the  Bhine  and  Elbe; 
IhQ  Neva  and  Vistula ;  Hir  Garonne,  the  Loire,  and  Seine ;  the  Tagus  and  the  Doaro ; 
the  Guadiana  and  Guadalquiver;  and  last  in  magnitude,  but  first  in  importanoe,  our 
own  Thames,  are  connected  with  many  other  European  and  many  African  streamsy 
into  the  Atiantic  group.  The  Nile,  the  Po,  the  Bhone,  and  the  Ebro,  finm  a  Mediter- 
ranean group ;  the  Danube,  the  Dnieper,  the  Don,  and  the  Dniester,  a  Eazine  gnmp ; 
and  the  Mississippi,  the  Bio  del  Norte,  and  the  Magdalena,  conveying  their  vast  tonenetB 
into  the  Gulf  of  Mexico  and  Caribbean  Sea,  form  yet  another. 

Besides  those  belonging  to  the  Atlantic  group  and  its  adjacent  seas,  there  are  otiier 
river  basins,  less  considerable  in  number,  and  leas  extensive,  but  still  including  some  of 
gigantic  magnitude,  received  into  the  Pacific  and  Indian  Oceans,  and  others  into  the 
Arctic  Sea.  The  former  include  the  great  Chinese  rivers,  draining  nearly  two  uiillinna  of 
territory,  and  the  livers  of  India  scarcely  less  extensive.  The  Amour  and  the  Ganges,  the 
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Knrswtddy  wad  the  Indui)  are  eqiaUy  interestiiig  ix  Hie  extent  and  the  mode  of  their 
derelopment,  and  aoaroely  lees  so  from  historical  aoNOiAtUmfly  and  the  zich  prodnota 
obtained  from  their  banks. 

The  Jbetio  group  is  maeh  less  km>wn ;  bat  one  ziTer  alone,  the  Obi,  rans  a  ooxuse 
of  more  than  two  thousand  miles,  draining  nearly  a  miUion  of  square  miles ;  and  two 
others  are  only  less  oonaiderable  in  the  area  they  drain,  bat  sarpaas  in  magnitode 
most  of  the  streams  whose  names  are  far  more  frmiliar. 

I«kM  mud  Inland  ••as  £nm,  as  it  were,  a  series  of  eoDnecting  links  between 
the  small  eKpanaums  of  a  riyer  and  the  great  ooean;  and  the  Atlantic  reoeivea  and  con- 
nects not  only  the  waters  of  the  chief  rivers,  but  those  of  the  largest  and  most  important 
of  these  bodies  of  water. 

The  chain  ef  tiie  great  Islces  of  North  Ameriea,  notwithstanding  their  yast  propor- 
tion and  great  depth,  are  bat  oocaakmal  hollows  in  table-lands,  in^eifectly  drsined 
by  the  rirers  that  traverse  them.  The  lakes  of  Europe,  small,  indeed,  compared 
■with  these,  partake  of  the  same  character;  and  tlie  inland  seas,  of  which  the  Gulf  of 
Mexico  and  Cairibean  Sea,  on  the  one  side,  correspond  with  the  Mediterannean  and 
Emdne,  of  the  other,  are  open  to  the  ocean,  and  th.eir  waters  are  freely  mixed  by  cur- 
rents, though  imperfectly  in  the  latter  case,  owing  to  the  nazrowness  of  the  neck.  All 
tliese  bodies  of  water  have  their  peculiar  charsoteristacs,  and  produce  much  e£bct  on 
the  adf  aoent  land.  They  each  possess  a  history,  and  eadi  has  seen  many  changes  ere  it 
attained  its  present  Ibnn. 

Ilie  chanMsteristio  features  of  river  scenery  Tsry  in  different  countries,  being  greatly 
adBfeeted  by  the  nature  of  the  rooks  traversed.  Hijf^  bluft  of  soft  sand  and  earth ;  vast 
open  plains,  with  little  elevation  in  any  part;  narrow  rocky  gorges ;  sudden  changes  of 
large  tracts  from  a  high  to  a  lowlevel-^these  all  may  be  mentioned  as  among  commco^ 
though  not  essential,  features.  We  shall  have  to  considar,  in  a  future  page,  the  effect 
of  ninning  water  under  these  various  conditions,  and  the  meaning  of  these  peculiarities, 
"whexL  translated  into  geological  language. 

PtoUifctttion,  and  Fonn  af  I«nd«— The  proportion  of  land  rising  above  the 
mean  level  of  the  ocean,  has  been  already  stated  to  include  only  about  three-tenths  of  the 
•ufiMe.  This  portion,  however,  thou^  comparatively  small,  presents  so  much  variety 
of  Ibnn  and  condition;  so  many  different  rocks,  vegetaUes,  and  animals;  fueh  varieties 
'  of  BoSiy  capability,  and  climate ;  and  is  so  much  more  important  to  us  as  men  than  the 
rest,  that  we  not  only  are  able  to  study  it  more  closely,  but  And  it  necessary  to  do  so 
for  tiie  purposes  of  ezistenoe,  as  well  as  the  advantage  of  science. 

In  Pdlitieal  and  Descriptive  Qeogn^y  the  land  is  divided  into  various  ideal  and 
conventional  portions,  with  which,  as  geologists  or  naturalists,  we  have  nothing  to  do. 
We  hafte  here  to  consider  our  globe  ina  very  difiiarent  point  of  view,  noticing  only  those 
broad  and  well-maiked  natozal  features  of  the  earth  which  give  it  its  charaoteristio 
physiognomy,  and  which  distuigmsh  its  sorfece  ficm  that  of  other  planets,  as  the  feoe 
and  figore  of  one  human  being  are  distinguished  from  that  of  another. 

What  are  these  features }  They  are  the  mountain-chains,  or  bones  of  the  earth— 
the  andulatfaig  hills  of  heaped  material,  which  may  be  called  its  ilesh--4he  covering  of 
vegetable  soil,  which  may  be  regarded  as  its  akin— while  over  large  portions  there  is 
Uiat  even  and  fbrmless  accumulation  of  water  which  conceals  so  large  a  part  of  the  bony 
framework  and  softer  eontonrs,  but  which  no  more  influences  the  true  ultimate  form 
of  solid  matter,  at  any  given  moment,  than  the  dress  aibcts  the  bony  framework  of  the 
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In  oommencmg  this  part  of  onr  sabject,  we  must  aannne  ibat  the  earth  has  soeh  a 
akeLston;  that  the  aqueous  ooyering  only  partly  conceals  this  akeleton ;  and  that  the 
finunework  is,  to  some  extent,  traceable,  even  where  the  ocean  oorers  it 

A  knowledge  of  the  actual  skeleton  of  the  earUi  is,  then,  a  study  fax  mate  difficult 
than  that  of  the  mere  surfiuse  exposed  aboTe  the  water.  It  invblyes  not  merely  a  oazeful 
consideration  and  comparison  of  the  exposed  suiftce,  but  a  cairying  out  of  some  prin* 
dple  of  form  into  the  unseen  depths  of  the  sea,  and  the  tracing  from  some  obseiire 
history  of  the  past,  also  to  be  learned,  the  modifications  which  helped  to  produce  what 
we  peroeiTe,  and  which  must,  in  certain  cases,  haye  done  much  more  on  a  yet  lai^ger 
scale. 

The  various  drcumstancos  under  which  the  land  presents  itself  to  our'notioe,  are, 
indeed,  too  fiimiliar  to  require  any  lengthened  description;  butwhen  we  sit  down  to  an  ex- 
amination of  them  as  exhibited  on  a  globe,  we  find  some  fiusts  difBaring  from  what  we  mi^t 
be  inclined  to  expect.  Thus  it  might  be  thought,  judging  from  the  earth's  form,  that 
the  solid  portions  should  lie  pretty  equally  about  the  equator,  instead  of  which  we  find 
great  masses  of  land  in  Unes  pandlel  to  the  axis  of  the  earth  and  accumulated  in  the 
northern  hemisphere :  these  comprise,  on  the  one  side,  Europe,  Asia,  and  Africa ;  and, 
on  the  other,  the  two  continents  of  America.  On  looking  at  these  masses  of  land,  they 
are  all  seen  to  partake  of  a  triangular  fbrm.  In  the  eastern  hemisphere,  the  chief  exten- 
sion is  east  and  west,  but  all  the  lands  terminate  in  points  directed  southwards.  The 
different  continents,  considered  with  reference  to  the  countries  which  they  comprehend, 
show  the  same  principle,  yet  fiuther  carried  out.  We  must,  howerer,  regard  this  simply  I 
as  an  obserred  fiict,  and  not  one  on  which  any  conclusions  are  directly  based.  We  do  ! 
not  know  why  the  form  of  India  or  Arabia  shotdd  be  the  same  as  that  of  Asia  or  Africa ; 
but,  although  we  can  offer  no  explanation  of  this  peculiarity,  it  is  one  well  worth  noticing, 
as  it  may  be  foimd  to  have  important  bearings,  and,  as  a  6uctj  may  become  the  foundation 
of  reasoning.  Besidestheyastprepondoranceof  land  in  the  northern  hemisphere,  we  may 
observe  that  the  eastern  division  of  our  globe  contains  a  far  greater  proportion  of  land 
than  the  western ;  and  this  fisMJt,  also,  is  worthy  of  remark,  in  its  bearing  on  various  pecu- 
liarities of  climate. 

The  whole  of  the  connected  land  above  the  water  may,  with  advantage,  be  con- 
sidered separately,  although  often  having  intimate  relation  to  adjacent  portions  separated 
only  by  a  narrow  breadth  of  water.  The  form  of  land  must  also  be  studied,  together 
with  the  lakes  and  streams  by  which  it  is  partially  covered.  It  is  found  convenient  to 
group  the  whole  into  three  principal  and  many  subordinate  tracts,  which  are  removed 
from  each  other  by  a  greater  or  less  extent  and  depth  of  water.  Of  these  the  former 
and  larger  tracts  are  the  continents,  propcriy  so  called,  and  the  others  islands ;  although, 
as  has  been  said  above,  the  latter,  in  many  cases,  are  so  closely  adjacent,  that  they  may 
be  conveniently  regarded  as  detached  portions  of  the  larger  masses.  The  three  con- 
tinents are  of  very  different  magnitude,  form,  extension,  and  position.  One  of  them 
extends  chiefly  in  a  north-east  direction,  and  includes  the  whole  of  Europe,  Aaia, 
Africa,  and  the  ishmds  adjacent ;  another  includes  the  two  Americas,  almost  detached, 
but  still  connected  by  a  narrow  but  lofty  isthmus,  and  ranges  nearly  north  and  south ; 
while  the  third  is  at  present  exhibited  only  by  the  rounded  mass  of  Australia,  which 
can  hardly  bo  said  to  possess  extension  in  any  one  direction  rather  than  another,  but 
which  seems,  like  America,  to  possess  a  north  and  south  bearing  in  the  portions  best 
known  and  most  investigated.  With  Australia,  however,  must  be  grouped  several  islands,  1 
of  which  Van  Bicmen's  Land  and  New  Zealand  are  the  chief;  whilst  America  has  few    | 
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examplM  of  detached  land  along  a  great  part  of  its  coast,  altliongh  the  West  Xndiea, 
and  the  islands  round  its  northernmost  portion,  are  important  exceptions  to  this  general 
rule.  "We  are  naturally  accustomed  to  regard  chiefly  that  portion  of  the  firtt-named 
group  of  land  with  which  we  are  directly  associated;  the  whole  of  which,  from  its  yast 
extent,  is  sometimes  called  the  great  continent,  and  which,  from  its  having  been  appar- 
ently the  first  peopled  by  the  human  race,  and  presenting  to  us  the  chief  records  of 
nuoJdnd,  is  also  known  as  the  Old  "World.  This  latter  term  is,  however,  strictly  appli- 
cable only  to  the  land  as  known  to  tiie  ancients,  a  limited  proportion  of  the  district, 
including  a  part  of  each  of  its  three  principal  subdiTisions. 

Oontinents*— The  great  continent  includes  Europe,  Asia,  and  Africa— the  latter 
being  almost  detached  from  Asia  at  the  isthmus  of  Suez,  and  almost  connected  with 
Europo  at  the  straits  of  Gibraltar.  Europe  and  Asia  offer  no  well-marked  natural  line 
of  separation,  and  the  accepted  and  political  division  consirts  partly  of  a  low  mountain 
chain,  and  partly  of  a  liyer.  Thus  the  land  of  Europe  does  not  readily  resdye  itself  into 
its  true  and  great  natural  features,  and  can  only  be  properly  understood,  in  so  £»  as  its 
physical  geography  is  concerned,  by  a  refierence  to  the  adjacent  land,  even  to  the  extent 
of  almost  the  whole  of  Asia,  and  a  large  part  of  Africa. 

The  continent  of  Europe,  with  which  most  of  the  readen  of  these  pages  are 
doubtless  best  acq[uainted,  is  not  without  the  means  of  suggesting  some  important 
generalizations  of  science,  while  in  matters  of  greater  detail,  and  perhaps  more  uni- 
versal interest,  it  presents  abundant  matter  for  illustration.  It  contains  within  it 
about  lour  millions  of  square  miles  (about  one-eighth  of  the  land  of  the  greater 
continent),  and  possesses  ranges  of  lofty  mountains,  piercing  the  donds,  and  several 
of  tbem  covered  with  eternal  mow.  Bivers  of  frozen  snow  proceed  from  some 
of  these,  and  make  their  way  into  the  sheltered  vallejrs  below,  loaded  with  fragments 
of  rock  torn  from  numerous  jagged  pinnafilfis  that  appear,  indeed,  to  be  pennanettt, 
but  are,  in  &ct,  only  constantly  renewed  in  similar  form.  It  Afi"**"iS|  also,  a  mul- 
titude of  rounded  and  undulated  hills,  of  lesser  elevation,  some  of  thou  clothed  by 
vast  forests  of  pine,  others  covered  by  chestnut  and  oak,  while  others  again  are  smiling 
with  oom-flelds,  or  laugh  with  the  yet  richer  luxuriance  of  the  vine.  It  exhibits  noble 
rivers,  traversing  extensive  plains— not,  indeed,  rivalling  in  magnitude  those  vast  streams 
already  refbiTedto,'  which  pour  forth  their  torrents  into  the  Bay  of  Bengal,  the  Persian 
Oulf,  the  Yellow  Sea,  the  Caribbean  Sea,  the  Polar  Seas,  and  the  western  side  of  the 
Atlantio,  but  more  than  equalling  them  in  their  adaptability  to  the  wants  and  comforts 
of  civilized  man,  and  brought  within  those  limits  which  encourage  industry,  by  Milling 
forth  the  talents  and  energies  of  our  race.  It  embraces,  also,  lakes  and  inUmd  seas, 
presenting  a  rare  variety  of  extent  and  usefulness.  It  has  around  it  islands  admirably 
placed  for  oommeroe,  and  admirably  supplied  with  the  means  of  availing  themselves  of 
this  position.  It  is  blessed  with  a  climate,  offering,  it  ii  true,  much  change,  but  nowhere 
ill-adapted  to  call  forth  the  exertions  of  man,  to  tax  his  ingenuity,  and  to  necessitate 
the  cultivation  of  his  highest  intellectual  powers.  It  is,  for  the  most  part,  healthy 
and  cultivable— rich,  but  needing,  and  amply  repaying,  labour ;  abounding  with  the 
most  useftil  minerals,  and  now  covered  by  the  most  usefrd  Miiwml  and  vegetable 
tribes— many  of  them,  it  is  true,  introduced  by  man,  but  all  adapted  to  its  oonditiaii, 
and  most  useftil  in  their  present  state.  Blesaed  in  this  way  with  so  much  that  is  excel- 
lent, seldom  injured  by  the  passage  of  periodical  storms,  rarely  suffering  from  earth- 
quakes, and  gradually,  it  would  seem,  less  and  less  frequently  visited  by  pestilence  and 
ftuBifne,  as  the  advance  of  civilization  points  to  the  best  moans  of  avoiding  them,  we 
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WKf  surely  fay  thai  £curope  has  the  elements  of  greatness  and  happizieaa;  and  we  koov 
that,  uy  to  this  time,  ahe  haa  led  the  way  in  all  flgaential  points  of  oiviliaation. 

If  Ennqte  'ofibrs  these  mattera  of  almost  personal  interest,  the  remaining  part  of  the 
gnat  oontinent  ia  also  crowded  with  phenomena  which  in  magnitude  suipaas  the  others. 
The  lofty  mountain  chains  of  the  Himalaya,  the  vast  and  trackless  deserts  of  Cenfzal 
Africa,  tiie  steppes  of  Tartary,  the  basins  of  the  Ganges,  and  other  rivers  of  the  first 
daas  in  Asia,  and  the  yolcanie  islands  of  the  Eaatecn  Archipelago  are  each  and  all 
worthy  of  study,  not  only  in  themselves,  but  in  their  bearing  on  the  general  questions  of 
Physical  Geography  that  bear  most  directly  on  Geology. 

The  land  thus  grouped  into  one  mass  rangea  from  norUi-eaat  to  south-west,  being 
tenninated  northwards  about  the  seventieUi  parallel  of  latitude,  and  pointing,  as  has  been 
already  said,  by  a  number  of  triangular  projections,  towards  the  south.  It  includes 
numerous  lofty  plateaux,  and  innumerable  smaller  plains  and  river  valleys,  the  surfiatos 
being  much  broken  in  almost  every  direction,  and  its  coast  line  indented  to  so  great  an 
extent,  that  it  would  take  a  line  of  nearly  seventy  thousand  miles  to  fellow  all  the 
iiegularities  around  its  edge.  Situated  chiefly  in  the  northern  hemisphepe,  and  most  part 
of  it,  indeed,  within  the  north  temperate  aone,  there  are  many  similarities  over  a  wide 
range  which  would  benoohmore  marked,  were  it  not  &r  the  spurs  or  transverse  lidgea 
extending  from  the  goaai  mountain  chains,  whieh  separate  districts  otherwise  under  nearly 
the  same  oonditioiia. 

The  oontinflnt  of  Amflrioa  oontaina  about  fourteen  and  a  half  millions  of  square 
miles,  and  is  not  only  smaller  but  much  simpler  in  its  foinn.  than  the  lend  of  tlie  Old 
World.  It  has  in  all  a  coast  line  of  upwards  of  forty  thousand  miles,  but  a  groat  part^ 
of  tiie  shores  are  unbrtdcen,  and  present  but  few  bays  or  gulft.  Those  iJiat  do  exist, 
however,  ara  large  and  highly  important,  e^eciaUy  the  vast  Gul&  of  Mexico  and  the 
Caribbean  Sea,  and  the  important  Gulf  of  St.  Lawrence.  South  America  corresponds 
well  in  form,  and  in  some  otiier  peculiarities,  to  Africa,  and  tbo  shores  of  the  great 
Atlantie  canal  appear,  as  it  were^  to  correspond — ^Uie  projections  of  one  fitting  into  the 
recesses  of  the  other. 

While  the  longer  known  and  larger  mass  of  land'oontains  the  loftiest  summits  of  onr 
globe  in  the  Himalayan  chain,  the  most  savage  and  dreary  wilds  in  the  Sahara  of 
Africa,  and  the  grandest  high  plateaux  in  Tartary,  Central  Africa,  and  Spain,  a  high 
degree  of  interest  also  attaches  to  the  mountains  of  America,  with  their  conical  volcanic 
summits  so  fi:equently  piercing  frir  above  the  general  range  of  the  Andes,  and  to  the 
prairies  of  the  north  and  the  sHvas  and  llanos  of  the  southern  part  of  the  same  land, 
which  are  almost  equally  extensive  and  more  uniform  than  the  plains  of  Asia,  but  are 
far  less  elevated  above  the  sea. 

laluUU. — ^Leaving  the  larger  portions  of  land,  or  continents,  and  passing  to  those 
which  are  called  islands,  we  meet  with  themr— first,  as  existing  in  immediate  proximity 
with  the  large  solid  portions  of  the  globe,  and  thence  called  continental  islands.  These 
generally  have  a  peculiar  form,  or,  rather,  follow  a  peculiar  law :  they  extend  in  the 
direction  of  the  main  land,  and  often  partake  of  its  form.  An  illustration  of  this  law 
is  presented  in  the  island  of  Madagascar,  which  extends  along  part  of  the  east  coast  of 
Africa.  They  frequentiy  also  exhibit  the  same  physical  structure  as  the  continent 
towards  whidh  they  lie.  There  is  thns  in  Madagascar  a  mountain  chain  just  parallel 
in  its  position,  and  analogous  in  character  to  another  which  runs  down  the  continent  of 
Africa.    The  islands  in  the  Baltic  Sea  corroboraie  this  general  law. 

Bitfc  if,  leaving  such  islands,  we  go  to  the  open  ^ea,  we  find  the  land  azxanged  there 
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in  a  different  maimer,  dotted  about  irregularly,  and  sometimea  coUectod  into  groups. 
In  the  latter  case  the  islands  occadonally  rise  directly  from  the  deep  water,  often  at 


TOaxS  OF  ISUHM. 

great  distances  from  other  land,  and  exhibit  outlines  of  a  most  remarkable  character — 
in  some  places  circular,  at  others  oval,  and  forming  disconnected  chains. 

The  third  class  may  be  termed  islands  of  elevation,  bearing  evidence  of  volcanic 
origin,  either  directly,  by  an  actual  cone  and  crater,  or  ashes  abundantly  distributed,  or 
indirectly  by  the  circular  form  of  a  tract  of  land,  now  perhaps  consisting  of  little  more 
than  the  secreted  limestone  of  the  coral  animal,  which  w©  know  must  have  been  con- 
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ifanicted  under  water,  and  which,  to  have  attained  its  present  mass,  must  have  needed, 
first,  a  long  period  dxiring  which  there  was  depression,  and  another  period  when  the 
•ea-bottom  was  undergoing  elevation. 
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Aetictt  of  Alx  mad  Wat«r  cm  ezposod  GoasU.— The  form  of  land,  at  its 
termination  towarda  the  sea,  frequently  ftimiahos  interesting  and  instraotive  fisusts,  botili 
in  Geography  and  Geology.  If  we  look  at  the  coast-line  of  some  gul&,  we  find  detached 
rocks  jutting  out  towards  the  sea,  and  we  cannot  douht  that  the  whole  is  undergoing 
change  by  the  action  of  the  atmosphere  and  water,  although  the  shape  remains  the  same 
for  a  yery  long  period.  The  rocks  called  **  The  Needles  "  once  formed  the  western  extre- 
mity of  the  Isle  of  Wight.  The  chief  of  these,  and  that  which  gave  its  name  to  the  group, 
was  a  hundred  and  sixty  feet  high,  and  disappeared  in  1764,  being  undermined  by  the 
sea.  Other  parts  of  the  coast,  similarly  exposed,  but  formed  of  layers  of  yarious  forma- 
tions and  different  degrees  of  hardness,  are  more  susceptiUo  of  modification  under  the 
operation  of  the  same  causes,  and  yield  even  more  readily  to  their  action.  In  this  way 
the  fonns  of  coast-lines  are  gradually  changing,  and  the  boundary  of  land  and  sea 
rdatively  altered. 

The  action  on  land  of  the  water  fiidling  from  or  contained  in  the  atmosphere  is 
yery  much  regulated  by  the  form  and  distribution  of  mountains.  In  America,  where 
the  principal  riyers  run  southwards  and  eastwards,  descending  from  the  higher  and 
more  eleyated  part  of  the  land  and  from  the  mountains,  and  rushing  impetuously  to 
the  sea,  they  deposit  large  quantities  of  detritus,  not  only  along  the  sea-coast,  but  also  at 
a  considerable  distance  beyond  it,  into  the  ocean.  The  changes  thus  brought  about, 
although  not  of  a  nature  to  be  readily  detected  in  indiyidual  experience,  must,  from  the 
unceasing  action  of  their  causes,  be  yery  extensiye  and  important 

Mountain  Chains.— Looking  at  the  great  mountain  chains  of  the  world,  wo 
cannot  help  obsendng  the  tendency  of  many  of  them  to  take  the  direction  of  the  coast- 
line of  the  continent  of  which  they  form  parts.  In  South  America  the  Andes  run 
parallel  with  the  coast  all  the  way.  Turning  to  the  eastern  hemisphere,  we  find  the 
same  conditionsin  Africa,  on  the  cast  coast  The  mountains  of  Scandinayia  also  range 
parallel  to  the  west  coast  of  Europe ;  and,  by  continuing  the  line  across  the  sea,  it 
will  connect  itself  with  the  mountains  of  Scotland  and  Wales.  These  facts,  taken  in 
connection  with  the  tendency  of  the  islands  to  follow  the  coast-line  of  nei^bouring 
continents,  are  important  The  yery  general  observation  of  such  facts  has  giyen  rise 
to  an  opinion  that  all  the  mountain  ranges  lie  in  the  same  direction  as  the  earth's 
axis,  or  at  right  angles  to  it — an  opinion,  howeyer,  which  is  not  borne  out  by  the 
actual  state  of  the  case,  since  we  find  the  line  of  the  Alps  extending  in  a  direction 
neither  of  the  axis  of  the  earth,  nor  yet  decidedly  east  or  west,  though  haying  a 
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tendency  to  the  latter  direction,  and  connecting  itself  on  the  west  with  the  Pyrenees, 
and  eastwards  with  the  Caucasus,  from  whence  a  line  of  high  eleyation  extends  to  the 
mountains  of  India.  I 
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The  opposite  aides  of  mountains  are  often  maiked  by  great  diArenoe  in  their 
steepness ;  and,  while  on  one  side  the  eleyation  approaches  the  petpendienlar,  and  pre- 
sents an  oatiine  of  great  boldness,  on  the  other  it  dies  away  dovn  to  the  plains.  Thns 
the  Alps  on  the  Italian  sida  present  shazp  and  sadden  prominences ;  on  the  other  side, 
they  are  oomparatiTely  sloping  and  gradual.  The  Andes  also  form  a  line  running  from 
north  to  south,  and  rise  suddenly  from  the  coast,  bat  on  the  other  side  they  terminate  in 
eztensiTe  and  olerated  pUdns  descending  towards  the  sea  in  some  cases  by  sttccossiTe  steps. 

In  estimating  the  comparatiTe  influence  of  mountains  on  the  sur&ce  drainage  of  a 
country,  we  must  not  merely  regard  their  heights,  sinoe  many  mountain  chains  of  the 
greatest  importance  are  by  no  means  so  lofty  as  others  which  are  of  less  conseq[uenco. 
The  tmth  of  this  ranark  is  exemplified  in  the  Ural  mountains,  the  political  boundary 
of  Europe  and  Asia.  This  range  is  compaistiyely  low,  but  nevertheleas  determines 
the  distribution  of  large  and  extensiye  bodies  of  water,  and  exerts  a  very  important 
influence  on  the  climate  of  the  surrounding  districts  on  each  side. 

Besides  these,  we  may  regard,  as  connected  with  the  subject  of  eleyationsof  land,  the 
conditions  of  the  plateaux  and  table-lands,  of  which  the  vast  prairies  of  America,  and, 
in  the  Old  World,  the  steppes  of  Siberia,  are  examples.  In  Siberia,  this  elevation  aboTO 
the  sea-lsyel  ranges  from  fiye  to  twelve  thousand  feet,  and  produces  a  marked  eflbot  on 
the  mean  deration  of  the  whole  continent  In  America,  on  the  other  hand,  the  eleva- 
tions are  small,  and  the  plains  often  sink  almost  to  the  sea. 

Besides  the  mountain  chains  and  elevated  plateaux,  another  form  of  elevation  is 
frequentiy  met  with  in  isolated  mountains,  belongiog  apparenUy  to  no  chain,  and  rising 
abruptly  from  the  land,  or,  as  is  sometimes  seen,  from  the  bed  of  the  ocean,  and  exhi- 
biting signs  of  voloanic  origin.  Such  mountains  axe  comparatively  rare,  and  are 
usually  associated  with  Tolcanio  phenomena. 

As  the  oounterpaits  of  mountains,  between  which  they  generally  lie,  valleys  possess 
much  geographical  interest,  and  perform  a  very  important  part  in  the  drainage  of  a 
country.  They  are,  for  the  most  part,  low,  nearly  level,  and  gradually  sloping  towards 
the  ocean. 

It  Ib  not  always,  however,  that  river  valleys  are  broad  and  open.  They  are  some- 
times shut  in  so  closely,  that  the  waters  of  the  stream  can  scarcely  feroe  a  passage,  and 
when  on  a  large  scale^  they  tiius  aflford  some  of  the  most  magnificent  and  picturesque 
scenery  on  the  surface  of  tiie  earth.  The  beautiful  gorge  of  the  Bhine,  between  Bingen 
and  CoUentz,  the  iron  gates  of  the  Danube,  that  of  the  Saxon  Switserland  on  the 
banks  of  the  Elbe,  and  other  fisuniliar  European  scenery,  affi»d  admirable  examples  of 
thijj  kind. 

Some  of  the  whirlpools  and  rapids  impeding  the  navigation  of  rivers,  are  also  due  to 
a  dmilar  condition,  and  to  an  inadequate  passage  for  the  body  of  water  rushing  along  a 
channel.  It  is,  however,  worthy  of  notice,  that  some  of  the  largest  rivers,  although 
extremely  rapid  torrents,  have  but  a  very  small  fall  indeed.  Thus,  in  the  descent  of  the 
Ohio  and  Hinissippi  from  Cincinnati  to  the  Gulf  of  Mexico,  a  distance  of  nearly  one 
thousand  seven  hundred  miles,  the  mean  fhll  Ib  less  than  three  inches  per  nule. 

It  must  not  be  fingotten  that  the  external  fiirm  of  land,  the  direction  of  its  vertical, 
as  well  as  horixontal  extension,  and  the  position  of  the  great  expanse  of  ocean,  all  have 
a  most  important  bearing  on  climate. 

CnJjBftto.— Temperature,  although  often  regarded  as  almost  synonynuras  with 
dimate,  is  in  reality  but  a  small  dement  in  the  complicated  phenomena  referred  to 
by  that  word.   Temperature  itsdi^  too^  requires  to  be  considered  with  nftienoe  to  its 
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eztieme  limits,  m  well  as  to  th«  mttok  ot  summer  sad  winter,  «nd  of  tfa«  wkole  year. 
Moistuxe,  andespeciallj  the  aqueous  condition  of  the  atmoephera,  is  another  importwit 
ingredient  The  pressure  of  the  air,  and  the  ohaages  that  oconr  in  this  respeet, 
whether  diurnal,  seanonal,  or  annual;  the  fvaAty,  traaspaienoe,  and  seroiity  of  the  air; 
the  nature  of  the  preYalent  winds ;  and  the  eleeteio  tension  of  the  atmos|iliere,*-<hcafr 
are  all  points  of  vital  importance,  without  a  due  oaDaderaitioQ  of  wUidi  no  proper 
conclusion  as  to  dimate  can  be  azii^ed  at 

Thus  it  often  hi^pens  that  places  having  the  laiM  ktitadB,  the  sam»  rekti?«  posi- 
tion on  continents,  and  even  the  same  me«  annual  temperature,  diffinr  ezoeedinglj  in 
climate^  and  are  eharacteriaed  by  Tegetation  of  an  altogether  distinot  character;  while 
others,  in  which  these  points,  important  as  they  are,  yary  exceedingly,  aie  yet  neazly 
similar  in  all  the  essential  matters  which  goyem  iilimatal  resemUanoe. 

An  instance  of  this  has  often  been  quoted  in  the  case  of  Dublin,  as  oompored  wifli 
the  banks  of  the  Danube  below  Vienna,  in  the  same  latitude  (54''  50*),  and  haviag  the 
same  average  temperature  (49^*2  F.). 

In  Dublin,  the  mean  summer  heat  is  60°*8,  and  the  mean  wintereold  89**8;  whSk  in 
Hungary,  in  the  corresponding  position,  the  summer  heats  average  69*  8 ,  and  the  tem* 
perature  of  the  winter  months  averages  27*7.  The  climate  of  Dublin  is  that  of  an  island 
surrounded  by  a  comparatively  warm  sea,  so  that  there  is  no  intense  cold,  and  snow  rarely 
lies  on  the  ground,  but  on  the  otlier  hand,  there  is  Httie  heat  in  summer.  The  myitl» 
will  grow  in  the  open  air,  and  resist  the  winter,  but  the  grape  will  not  ripen.  In  Hun- 
gary, on  the  contrary,  the  myrtle  would  be  destroysd  by  the  winter  firasts,  but  tilm 
summer  sun  not  only  ripens  the  grape,  but  enables  tiie  inhabitants  to  prepare  soma  of 
the  finest  and  xidkest  wine  known  in  the  world. 

Owing  to  the  constitution  of  the  atmosphere,  the  temperature  not  only  diminiahwi 
in  prooeeding  from  the  equator  towards  either  pole,  but  also  in  aflcflnding  fipom  anyplace 
near  the  sea  into  the  higher  regions,  whether  cool  a  mountain  side,  a  lofty  plain,  or 
merely  by  some  temporary  contrivance,  such  as  a  balloon.  At  a  certain  moderate  ele- 
vation, even  in  the  hottest  climates,  we  reach  the  limit  at  which  water  is  no  longer  a 
fluid,  and  this  limit,  called  the  snow  line,  varies  from  about  eighteen  thousand  feet 
under  the  tropics,  to  where  it  reaches  the  level  of  the  sea  in  the  Arctic  and  Antarotio 
drdes.  It  wiU  easily  be  understood,  that  not  only  aotual  elevation,  but  the  vicinity  of 
mountain  chains,  the  extent  and  form  of  the  surrounding  land,  smd  tiie  influence  of 
oceanic  currents,  which  may  bring  wanner  or  colder  water  into  a  given  spot,  these 
all  influence  climate,  and  greaHy  affect  vegetation. 

Tho  conditions  of  climate,  so  far  as  regards  the  state  of  the  atmosphere  and  the  dis- 
tribution of  heat— two  most  distinct  and  influential  matters— wiU  now,  perhaps,  be 
understood  and  s^reciated.  Europe  owes  its  mild  and  average  temperature — lar 
different,  in  this  respect,  to  corresponding  countries  on  the  other  side  of  the  Atlantic,  or 
on  either  side  of  the  Pacific  oceans— to  its  rntersected  form  and  deeply-indented  coast; 
to  its  exposure  to  the  prevailing  west  winds  which  have  blown  across  the  ooean ;  to  the 
sea,  free  from  ice,  which  separates  it  from  tho  Polar  regions ;  and,  lastly,  to  the  exist- 
enoe  and  position  of  Africa,  with  its  wide  extent  of  tropical  knd,  while  the  equa- 
torial region  to  the  south  of  Asia  is,  for  the  most  part,  covered  by  ooean.  TheBuropean 
climate  would,  therefore,  become  colder  if  Africa  were  to  be  overflowed  by  the  ooean ; 
or  if  land  were  to  rise  from  beneath  the  waves  and  connect  Africa  and  Amerioa ;  or  if 
the  Gulf  stream  were  to  cease  to  extend  its  wanning  influence  to  the  northem  sea;  or, 
finally,  if  a  traet  of  land  were  to  be  elevaited  between  Seandinavia  and  Spitsbergen. 
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The  climaAe  of  other  perte  of  tho  greet  oontment  is  equally  affeeeted  bj  loeeloMen. 
ThoBf  as  we  advance  to  the  eaat,  tJie  weetedy  winds  beoome  oold  and.  dry.  In  th» 
yidnity  of  great  moontain  ohaina  the  same  detenoration  is  ieUt,  and  other  conditioDa 
might  be  imagined  by  which  changes  would  be  produced,  greatly  modifying,  and» 
padiapa,  entirely  »^"^"g  the  oonditions  of  existence  fayourable  to  the  ^^aH^g  races. 

Questuns  and  eonaiderations  like  theae  axe  not  only  of  abstract  interest  to  scientific 
men,  but  haye  nmeh  diceot  bearing  in  a  practical  sense,  inasmnoh  as  climate  greatly 
iT^<wMVMi  the  modes  of  oonmumieatioBy  the  extent  of  intercouzse,  and  eyenthe  progress 
and  eiyilisation  of  mankind. 

For  whateyer  causes  diyersity  of  form  or  feature  on  the  snr&oe  of  oor  pimwit  thci 
mmntaine— the  great  lakes— the  greeiy  steppes— and  eyen  the  deserts— and,  still  man, 
tho  great  liycr  yalleys,  and  the  streams  themselyes,  sunounded  by  a  ooaot^like  margin  of 
y^^etatioD,  must  impress  some  peculiar  mark  or  character  on  the  social  state  of  its  inha- 
bitants. Continuous  ridges  of  loffcy  mountains,  coyered  with  snow,  impede  interooone 
and  trafic ;  the  lofty  plains,  narrow  enclosed  yalleys,  and  table-lands  serye  as  ike 
last  retreat  of  retiring  and  nearly  extinct  races;  while  lowlands,  interspersed  with 
discomtinuoQS  chains,  and  with  gnnqps  of  hills  of  more  moderate  eleration — such  as  are 
presented  by  a  great  part  of  Europe,  especially  near  its  western  coast-line— axe  fityonr* 
aUe  for  the  pursuits  of  commerce ;  and  the  impcovement  of  the  races  of  domesticsAed 
MT^iinitl«,  as  well  as  increased  cultiyation,  giye  rise  to  numerous  modifications  of  animal 
and  yegetable  life,  and  suggest  mechanical  oontriyances,  which  tend,  on  the  whole^ 
to  the  intellectual  progress  of  our  race. 

In  the  rapid  glanoe  that  we  haye  now  taken  of  some  of  the  most  remarkable  of  those 
world-phenomena,  connected  with  the  fano,  of  land  and  the  distribution  of  land  and 
water,  the  reader  may,  perhaps,  haye  been  reminded  of  what  has  often  already  presented 
itself  to  his  observation,  rather  than  be  struck  with  any  new  facts  communicated.  But 
some  of  these  foots  may  have  been  presented  in  a  way  not  altogether  familiar,  and  thus, 
peihaps,  there  may  have  been  imparted  fresh  interest  to  a  subject  always,  in  one  shape 
or  other,  before  us.  The  mutual  influence  and  the  mutual  necessity  which  bind  together 
into  ene  group  almost  aU  the  great  foots  of  nature,  is  also  eminently  shown  in  reference 
to  this  subject ;  and  it  is  not  the  least  important  or  the  least  instructiye  lesson,  aflEdrded 
by  the  study  of  nature  on  a  large  scale,  that  we  learn  to  appreciate  this  as  one  of  the 
great  and  uniyersal  truths.  When  also  we  see,  as  in  the  case  before  us,  that  the  con- 
stant eirculatioa  of  aqueous  fluid — only  to  be  performed,  so  far  as  we  can  know,  by  tho 
agency  of  the  atmosphere— is  only  practically  useful  in  consequence  of  the  form,  the 
features,  and  the  distribution  of  land ;  when  we  find  the  temperature,  such  as  it  exists, 
and  related  as  it  is  to  the  existing  conditions  of  matter,  also  perfectly  in  harmony  with 
every  other  arrangement ;  when,  in  a  word,  we  perccivo  throughout  such  perfect 
adaptation  in  every  respect — not  acting  by  a  system  of  interference,  but  by  definite 
methods  or  laws,  which  are  constant  in  their  mode  of  action— it  cannot  foil  to  strike 
every  one,  that  this  method  of  producing  all  necessary  modifications  in  infinite  variety 
of  detail,  is  the  method  which  the  Author  of  nature  has  seen  fit  to  adopt,  and  in  the  work- 
ing out  of  which  we  aro  not  at  liberty  to  assume  any  essential  alteration  of  principle. 

B«st  of  tkm  Tatfrioiff  off  tho  Eurth.— Among  the  great  classes  or  groups  of 
phenomena  presented  in  the  study  of  nature,  those  which  involve  motion  are,  in  all 
x«gpects,  predomiiiBnt.  We  have  seen,  in  considering  the  most  ordinary  foots,  with 
legttd  to  the  air  and  water,  that  theae  are  most  important  and  very  widely  influen- 
tial; that  the  ounents  of  air  circulating  constantly  produce  the  modifications  of 
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temperatare  on  which  climate  depends.  It  has  also  been  shown  that  the  tides  and  cur- 
rents of  the  ocean,  and  the  streams  that  feed  it,  are  essential  to  the  present  condition 
of  things ;  and  wo  oease  to  wonder  at  the  &ct,  that  air  and  water  are  so  seldom  in 
repose. 

Our  yery  language,  indeed,  speaks  in  proyerhe  of  the  inconstancy  of  the  winds,  and 
tho  fluctuation  of  the  tides  and  the  fluid  and  aerial  conditions  of  matter  are  oommonlj 
contrasted  with  the  relative  pennanencj  of  the  solid  earth  on  which  we  tread. 

And  yet  it  appears,  after  all,  that  this  permanency  is  only  apparent  The  earth, 
or  at  least  that  superficial  crust  presented  for  our  observation,  has  its  own  moTements 
and  disturbances,  by  causes  acting  from  within.  These  causes  tend  to  burst  asunder  and 
destroy  portions  of  the  solid  crust,  and  are  connected  with  the  presence  of  intensely 
heated  matter  eTisting  fu  below  the  surfkce. 

In  order  to  judge  of  the  nature  of  the  relative  magnitude  and  importance,  and  the 
actual  extent  of  these  movements,  let  us  first  refer  to  the  ordinary  condition,  with  regard 
to  temperature,  of  tiie  great  depths  of  the  earth,  and  this  will  lead  us  to  an  inquiry 
as  to  how  fu  the  interior  condition  does  or  may  act  upon  the  exterior  sur&ce,  and 
how,  firom  the  position  of  those  points  at  which  the  sur&ce  is  reached,  we  can  judge  of 
the  true  nature  and  value  of  the  phenomena. 

The  causes  tending  to  modify  the  condition  of  the  earth's  crust,  various  as  are  their 
modes  of  exhibition,  refer  themselves,  sooner  or  later,  either  to  the  presence  of  an  internal 
source  of  heat  existing  at  some  point  far  below  the  sur&ce  of  the  earth,  or  else  to  the 
mutual  mechanical  action  of  air  and  water  at  various  temperatures.  To  gain  a  correct 
notion  of  tho  operation  of  the  first  of  these  causes,  we  must  inquire  what  is  the  ordinary 
condition  of  tho  matter  of  the  earth's  crust,  and  how  its  internal  condition  affects  tho 
exterior  ?  The  first  thing  that  strikes  us  in  this  inquiry  is,  that  whilst,  to  a  certain 
depth,  the  mean  temperature  of  the  earth  is  dependent  on  that  of  the  atmosphere,  and 
differs  in  various  localities,  below  that  depth  it  uniformly  increases. ~ When wedig 
below  the  depth  over  which  the  influence  of  atmospheric  temperature  is  felt,  the  ther- 
mometer rises  reg^nlarly  in  a  definite  proportion ;  and  when  we  descend  to  very  great 
depths,  as  in  coal  mines,  the  temperature  becomes  so  warm  as  to  remind  one  of  a  tropical 
climate.  The  deepest  coal-mine  in  Enghtnd  had  for  a  long  time,  and  till  cooled  by  a 
constant  circulation  of  air,  a  fixed  temperaturo  varying  from  80**  to  84**,  and  the  natural 
heat  at  this  depth  has  no  reference  to  the  thermometrical  condition  of  the  surface. 

Hot  Spiings. — Increase  of  temperature  below  a  certain  depth  is  also  shown  by  other 
means.  Pits  and  wells  have  been  sunk,  for  various  purposes,  and  at  different  times,  to  great 
depths,  and  observations  have  been  made  in  them  with  the  thermometer.  The  results  have 
given  constant  testimony  to  the  law  of  increase  of  temperature  aocording  to  increase  in 
depth.  Besides  this,  we  have  evidence  of  the  same  fact  in  numerous  natural  warm 
springs  and  wells  throiring  out  their  waters  at  various  points  on  the  earth's  sui&ce  at 
temperatures  differing  from  one  another,  but  much  higher  than  that  of  the  local  atmos- 
phere. These  springs  are  met  with  in  many  parts  of  the  world;  those  of  Carlsbad, 
Wiesbaden,  and  Bath,  are  fiuniliar  to  all,  and  certainly  tend  to  show  that  a  source  of 
heat  of  some  kind  exists  at  some  point  in  the  interior  of  the  earth.  But  there  are  other 
districts  in  which  this  doctrine  receives  a  yet  further  confirmation.  In  some  parts  of 
South  America  there  exist  springs  at  the  bases  of  mountains  covered  with  perpetual 
snow,  the  waters  of  which  issue  at  a  temperature  removed  but  a  very  few  degrees  from 
the  boiling  point  of  water.  Perhaps  the  moat  remarkable  phenomena  of  this  kind 
are  the  hot  springs  of  Iceland.    There  exist  in  that  island  certain  small  hiUs ;  in  the 
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middle  of  some  of  these  are  funnel-shaped  basins,  in  the  hottom  of  which  are  holes  leading- 
to  a  considerable  depth.  These  basins  are  at  times  left  dry,  but  water  rises  periodically 
in  the  pipc-liko  passage  at  a  temperature  of  212",  and  fills  the  basin  to  overflowing. 
Suddenly  a  stream  of  boiling  water  rushes  up  into  the  air  with  wonderful  violence, 
whilst  the  atmosphere  is  filled  with  the  steam.    The  height  of  the  columns  varies  firom 
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eighty  to  one  hundred  and  eighty  feet,  and  they  succeed  one  another  with  great  rapidity ; 
the  last  being  genersdly  the  most  vigorous.  The  time  between  these  appearances  is  small, 
and  the  eruptions  arc  periodic,  taking  place  about  four  times  in  twenty-four  hours,  but 
they  are  not  strictly  regular. 

It  is  but  a  small  step  from  these  phenomena  to  those  singular  eruptions  of  mud 
which  are  obserred  by  the  naturalist,  and  which  form  a  connecting  link  between  the 
hot  fountain  and  the  volcano.  The  consistence  as  well  as  the  composition  of  the  mate- 
rial thrown  out  in  these  eruptions  is  not  always  the  same.  Sometimes  mud  mixed  with 
stones  and  naphtha  is  expeUcd,  while  sulphurous  vapour  and  hydrogen  gas  are  dis- 
engaged. A  remarkable  instance  of  this  kind  of  eruption  occurred  in  the  island  of 
Sicily,  in  1777.  In  the  south  of  Europe,  however,  the  products  of  emption  are  chiefly 
solid  matter— dry  ashes,  fluid  rock,  called  lava,  and  scorise :  these  are  generally  accom- 
panied by  the  emission  of  flame  and  smoke. 

▼alcanO€ii»  A  volcano  is  a  mountain  of  conical  shape,  composed,  superficially  at 
least,  of  strata  sloping  away  from  a  central  cup-shaped  cavity,  and  giving  out  at  its  simi- 
mit,  with  internal  commotion,  lava,  stones,  scoriae,  and  aqueous  vapour,  with  certain  gases. 


Digitized  by  VjOOQ  IC 


80  HAKOE  OF  YOLCAKOES. 


Tolcatioes  are,  fbr  the  most  part,  of  iome  height,  and  peaked,  but  this  is  not  alwvys  the 
case ;  a  number  of  small  elevated  hills  being  eqnailly  Toloanic  in  their  Gharaeter  with, 
those  of  loftier  height  All  Europeans  are  familiar  -with  the  names  of  Hotmt  Etna,  in 
Sicily,  and  Yesavius,  in  the  Bay  of  Naples.  The  eruptions  of  the  fermer  hare  been 
Tery  numerous,  and  their  history  is  lost  in  antiquity ;  by  those  of  the  latter  Heron- 
laneum  and  Pompeii  were  oyerwhelmed. 

Mount  Heda,  in  Iceland,  must  also  be  mentioned  among  the  more   considerable 
Yolcanoes  of  Europe,  but  several  others  of  impoitanoe  also  exist  in  the  same  island. 

The  Greek  Archipelago  contains  the  ishmds  of  Santorin,  and  two  smaller  islands, 
which  appear  to  have  been  heaved  up  by  Teloanic  action  from  tibe  bed  of  the  sea,  a 
belief  which  is  fiivoured  by  authentic  histary.  From  liiese  islands  a  Tolcanic  chain 
extends  to  iha  eastern  ooast  of  the  PelepeiHifMRis,  wttero  several  rocks  of  a  decidedly 
volcanic  diaraeter  pnsenttiieBiMives. 

A  far  more  inqMsiag  «Ktent  of  voloanie  W(gimf  nyaits  us  on  liw  eontinent  of  Asia. 
It  is  poasiUe  to  tiaoe  a  line  ^  veleaaie  opflimtions  across  tiie  very  centre  of  this  vast 
tract  of  land,  from  the  -shons  of  the  Caspian  Sea— 4luEt  is,  flMn  the  OawiwrnHn 
mountaina— Huoogh.  Osntnal  Taitat;^,  to  the  northern  dectttriity  of  the  Oetostial  noun- 
tains  in  diets'*  of  latStMide.  Within  tins  range  are  some  eattJsiot 'psiaioos  «ad  Ibeir 
prodnctsy  wad  others  in  a  state  of  acti^^,  abundantly  proving  the  mhUmm^tt  lisioaBic 
9igmcy  iut  ttie  diataaee  <^  A«ee  iiMMAd  ailes.  In  the  JjMm  AMAS^Oatgit  a  muok- 
ably  annnged  veloaaie  segion  eaeiits,:in  a  Ann  approaching  to  tiiat  of  a  faofB»4ftkee,  its 
N.E.  Ystremity  being  a:Utlle  beyond  the  dO^'of  N.  ktitude^  «nd  aUkailO^of  E.  kngi- 
tode.  From  thispeint  it dennnhjn,  paisingSn  itsoottrse  l^uMngh  the  ?lu%fte»fdaads, 
and,  indinipg  to  the  east,  it  crossetf  the  eftfator,  and  juts  out  from  tlie  eaet  of  the 
0«fabe«  to  New-Ouinea;  frem  thence  it  ttkM  a  ^Wfisterly  dizeation,  and,  deseoiding 
nearly  to Tinnc,  eaetands  tfaMmgh  the  Koluccas  to  Java;  then^  Imriing  jwrijhwaids, 
it  is  prolonged  Quoa^  Hwrniitwi,  and  tsnuinates  at  Banen  Island,  nt-tiie  Bay  of 
BottgaL 

On  the  opposite  iftde  of  tlie  globe  is  a  large  continuous  chain  of  voleanio  mountains, 
which  commences  en  the  coast  of  the  Mexican  Gulf.  The  first  mountain  in  this  remark- 
able chain  is  a  small  volcano  called  the  Yoloan  de  Tuxtola ;  then  the  high  peaks  of 
Orizaba  and  Popocatepetl ;  farther  west  lie  the  volcanoes  of  Jorullo.  Some  of  these 
mountains  are  covered  with  perpetual  snow.  The  whole  chain  extends  to  the  lengthi  of 
one  hundred  and  forty  leagues. 

The  eruptions  of  volcanoes  are  usually  accompanied  with  emission  of  flame ;  but 
this  is  not  invariably  the  case.  Some  eruptions  are  not  attended  with  any  appeaiaaoe 
of  fire,  while  all  burning  monntains  are  not  entitled  to  be  considered  volcanic.  The 
eruption  generally  breaks  out  with  violent  noise  and  oonoussion  of  rocks.  The  force 
by  which  these  movements  are  e&cted  is  meet  astonishing,  and  the  difiusion  of  matter 
projected  is  often  exceedingly  extensive.  When  the  material  is  of  the  lighter  kind,  it 
is  often  conveyed  by  its  original  momentmn,  added  to  the  ftvouring  influence  of  the 
wind,  to  a  oonsiderkble  distance.  In  September,  1845,  an  eruption  took  plaee  in  Iceland, 
and  the  ashes  thrown  out  were,  in  ten  houn  afterwords,  thickly  deposited  on  some 
of  the  Scottish  isles.  These  ashes  had  been  conveyed  through  some  upper  oorrent  of 
air,  and  the  original  quantity  must  have  been  very  large  indeed.  In  an  eruption  of  a 
mountain  in  South  America,  which  took  place  ten  years  ago,  ashes  were  thrown  out 
in  such  abundance  tibat  the  air  was  darkened,  within  a  lew  minutes  of  1^  oonunencement 
of  the  eruption,  even  at  a  distance  of  fiifty  miles,  so  as  to  prevent  recognition  amongst  the 
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iBhaVitanfc?.  Lava  ia  only  another  condition  of  the  ash,  but  it  ia  thrown  out  in  a 
liqnid  or  fiisod  state ;  and,  generally  speakinp:,  those  mountains  which  throw  out  lava  do 
not  afford  ashes.  In  the  year  1783,  a  tumble  eruption  took  place  in  Iceland,  during 
which  ar  prodigious  quantity  of  lava  wm  thrown  out,  not  from  the  crater  of  a  volcano, 
but  from  its  side ;  the  molten  torrent  flowed  slowly  down  the  side  of  the  mountain  for 
forty-two  days,  during  which  time  it  had  travelled  fifty  miles ;  it  then  branched  off 
into  two  main  streams,  flowing  towards  the  sea ;  one  of  them  was  forty,  and  the  other  fifty 
mile«  in  length.  Its  depth  varied  in  different  parts,  according  to  the  surface  of  the  country 
to  which  it  adapted  itself,  ranging  fit)m  one  thousand  to  six  hundred  feet ;  and  its 
greatest  breadth  measiired  fifteen  miles.  In  its  course,  it  completely  obliterated  a  waterfall. 

In  some  instances  blocks  of  stono  have  been  upheaved  and  projected  to  vast  distances 
in  some  of  the  islands  of 
South  America.  One  block 
weighing  200  tons  was 
thrown  to  a  spot  nine 
mjl<^  from  the  volcano 
from  which  it  was  expel 
led-  Sometimes  ihis  power 
ehows  itself  in  another 
manner,  and  changes  the 
level  of  a  large  tract  of 
cotmtry.  Thus,  in  the 
middle  of  the  last  century, 
a  volcano  was  formed  in 
the  centre  of  the  great 
table-land  of  Mexico,  upon 
which  occasion  a  tract  of 
ground,  frx>m  three  to  four 
square  miles  in  extent,  was 
heaved  up  in  a  convex  form 
to  the  hei^t  of  550  feet, 
from  which  arose  several 
conical  hiOLs,  none  less  than  300  feet  in  height,  and  the  highest  of  them,  JoruUo,  1600 
feet  high.  The  upheaving  here  described  was  attended  with  great  noise,  lasting  a  long 
time ;  and  the  inhabitants  of  the  town  saw  flames  issue  from  the  disturbed  tract,  after 
which  the  noise  ceased.  Two  rivers  were  destroyed  which  had  formerly  run  through 
this  part  of  the  country,  and,  instead  of  them,  there  are  now  two  springs  of  boiling 
water.  Tfaa  fonnatioa  of  Monte  Nnovo,  in  the  neighbourhood  of  Naples,  and  of  Monte 
Sossi,  upon  the  side  of  Etna,  are  due  to  a  like  cause ;  from  which,  also,  not  only  are 
mountains  raised  up,  but  extensive  subsidences  take  place.  In  1772  a  great  part  of  the 
Papindayang,  a  mountain  in  Java,  was  swallowed  up ;  the  inhabitants  of  its  declivities 
were  suddenly  alarmed  by  tremendous  noises  in  the  earth,  and  before  they  had  time  to 
retire  from  the  vicinity,  the  motmtain  began  to  subside,  and  soon  disappeared.  The 
area  of  this  subsidence  was  no  less  than  fifteen  miles  long  and  six  broad.  The  cone  of 
Etna  has  repeatedly  fallen  in  and  been  reproduced.  In  1537,  and  again  in  1693,  the 
summit  of  Veguviiis  was  reduced  in  height ;  while,  in  the  eruption  of  October,  1822, 
npwartls  of  eit^ht  hundred  feet  of  the  ancient  cone  of  that  volcano  were  carried  away. 

Eaitliqiiakes. — The  immediate  effects  of  an  earthquake  are  to  crack  and  split  the 
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eoitoM  in  TariouB  directioxiB ;  to  make  horizontal  openings,  as  at  Polistena ;  to  change 
the  level  of  the  district,  and  to  produce  small  discontiniiities  in  the  beds  o£  the  earth's 
crust  Sometimes  a  chain  of  hills  is  suddenly  produced  in  a  district  before  flat— aa 
example  of  this  kind  haying  occurred  at  the  mouth  of  the  Indus  in  1819.  Sometimea 
a  coast-Une  is  permanently  uplifted— sometimes  a  depression  is  caused;  but  on  tho 
whole,  yblcanio  action  seems  rather  to  elevate  than  to  depress,  and  thus  tends  to 
exaggerate  the  inequalities  of  level  of  the  earth's  crust. 

If  we  could  obtain  daily  inteUigence  of  the  condition  of  the  whole  surface  of  the  earthy 
we  should  very  probably  arrive  at  the  conviction  that  this  surface  is  almost  always  shaking 
at  some  one  point,  and  that  it  is  incessantly  affected  by  the  reaction  of  the  interior  against 
the  exterior.    The  frequency  and  universality  of  the  phenomenon  of  earthquake  action, 

which  probably  owes  its  origin  to  the  high 
temperature  of  tho  interior  of  the  earth,  or  at 
least  of  some  portion  of  the  deep-seated  and 
molten  masses,  is  a  sufficient  proof  of  its  inde- 
pendence of  the  nature  of  the  rocks  on  which 
it  manifests  itself. 

Earthquake  shocks  have  been  felt  even  in. 
the  loose  alluvial  soil  of  Holland,  as  at  Mid- 
dlehurg  and  Flushing  on  the  23rd  Feb.,  1828. 
Granite  and  mica  slate  are  shaken  as  well  as 
limestone,  sandstone,  and  igneous  rocks  of 


TIXW  or  THS  KFFSCTS  OF  AM  XXItTHaT7AKX  AT  rOLIBTKlf  A. 

modem  date.     It  is  not  the  chemical  nature  of  the  constituent  particles,  but  the 
mechanical  structure  of  the  rocks  which  modifies  the  propagation  of  the  shock,  or 
of  the  wave  which  occasions  it.    Where  such  a  wave  proceeds  in  a  regular  course  along 
a  coast,  or  at  the  foot  of,  and  parallel  to  the  direction  of  a  mountain  chain,  interrux>- 
tions  at  certain  points  have  sometimes  been  remarked,  and  continue  for  centuries,  the 
undulation  passing  onward  in  the  depths  below,  but  never  being  felt  at  those  points  ' 
of  the  sur£u».    The  Peruvians  say  of  these  upper  strata,  which  are  never  shaken,  that 
they  form  a  bridge.  As  the  mountain  chains  themselves  appear  to  have  been  elevated  j 
over  fissures,  it  may  be  that  the  walls  of  these  cavities  favour  the  propagation  of  the  j 
imdulations  moving  in  their  own  direction ;  sometimes,  however,  the  waves  intersect 
several  chaius  almost  at  right  angles, — an  example  of  which  occurs  in  South  America,  j 
whero  they   cross   both  tho  littoral  chain   of  Venezuela    and  tho  Sierra  Parime.  I 
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la  Asia  shocks  of  earthquakes  have  been  propagated  from  Lahore  and  the  foot  of  the 
HimalaTas  (22nd  January,  1832)  acroea  the  chain  of  the  Hindu  Kooah,  aa  fiur  even  as 
Bokhara.  The  range  of  the  undulationa  ia  aometimea  permanently  extended,  and  this 
may  bo  a  conaequence  of  a  single  earthquake  of  unusual  -violence.  Since  the  destruc- 
tion of  Cumana  (Central  America),  on  the  14th  December,  1797,  and  only  since  that 
epoch,  eyezy  shock  on  the  southern  coast  extends  to  the  mica  slate  rocka  of  the  penin- 
aula  of  Marriquarey,  situated  opposite  the  chalk  hiUs  off  the  maJTilaTid.  In  the  great 
alluvial  yalleys  of  the  MissLssippi,  the  Arkansas,  and  the  Ohio,  the  progresaiye  adyance 
from  south  to  north  of  the  almost  uninterrupted  undulations  of  the  ground,  between 
1811  and  1813,  was  yery  striking.  It  would  seem  aa  if  aubterranean  obstacles  were 
gradually  oyercome,  and  that  the  way  being  once  opened,  the  undulatory  movement  ia 
propagated  through  it  on  each  occasion. 

Climiige  of  Xiewel  of  Xrfuid. — If  we  proceed  firom  the  study  of  the  phenomena 
exhibited  by  active  volcanoes  and  earthquakes  to  consider  whether  they  axe  constant  or 
periodical,  and  whether  their  return  may  be  anticipated,  calculated,  or  provided  against, 
we  soon  find  that,  although  within  certain  limits,  and  over  very  extensive  areas,  they 
exhibit  a  certain  degree  of  regularity,  yet  that,  on  the  whole,  there  is  no  possibility  of 
determining  how  long  an  interval  may  elapse,  or  in  what  form  the  next  effect  of  dis- 
turbing force  may  appear.  Those  volcanoes,  indeed,  whose  immediate  effect  is  smaUeat, 
are  usually  the  most  frequently  in  action ;  and  the  districts  where  earthquakes  are  almost 
daily  phenomena  are  not  more  frequently  destroyed  in  this  way  than  those  lesa  imme- 
diately adjacent  spots  where  such  active  violence  is  rare.  Still  there  can  be  no  doubt, 
from  the  general  character  of  the  facts  now  known  and  recorded,  that  there  is,  in  many 
cases,  a  very  deep-seated  communication  between  volcanoes  and  volcanic  districts, 
widely  removed  from  each  other.  The  earthquake  of  Lisbon  waa  felt  over  an  area  four 
times  as  large  as  the  whole  of  Europe ;  and  the  earthquake  of  Conoepcion  disturbed  an 
area  of  nearly  throe  hundred  thousand  square  miles,  permanently  elevating  aa  important 
proportion  of  the  whole. 

A  yery  largo  part  of  the  earth's  crust  is  thus  exposed  to  great  and  sudden  changes, 
effected  by  mechanical  violence,  and  incessantly  bringing  towards  or  above  the  surfEu^e 
some  portion  of  the  intcnsely-hcated  matter  existing  beneath  it.  That  there  must  be 
a  considerable  pressure  over  a  large  proportion  of  the  inner  surface  of  this  crust,  and  that 
it  must  exist  in  groat  measure  in  a  state  of  tension,  there  can  thus  be  no  doubt  what- 
ever ;  and  we  must  faTniliarize  ourselves  with  this  condition,  and  with  the  mechanical 
and  chemical  problems  suggested  by  it,  in  order  to  appreciate  fairly  the  actual  present 
condition  of  our  globe. 

But  when,  in  addition  to  these  effects— «mall,  indeed,  in  proportion  to  the  whole 
surface,  but  not  small  in  their  general  result— we  consider  other  movements  that  are 
undoifbtedly  taking  placo  on  a  far  more  extended  scale,  when  we  find  that,  where 
thero  is  never,  or  very  rarely,  any  earthquake  movement,  there  may  still  be  a 
constant  change  of  level -oyer  the  whole  area  of  a  vast  continent,  we  shall  be  in 
a  still  better  position  to  appreciate  the  full  extent  of  those  modifications,  which  it 
requires,  not  merdy  years,  but  centuries,  to  render,  distinctly  manifest  to  the  eyes  of 


In  such  cases,  however,  the  difficulty  of  pereeiving  the  change  is  rather  a  mark  of 
its  magnitude  and  importance  than  a  reason  for  its  being  left  out  of  consideration.  The 
greatest  changes  are  tiiose — not  of  a  day  or  a  year — ^but  those  which  take  oeaturiea,  or 
even  thousands  of  years,  to  accomplish. 


INORGANIC  NATURE.— No.  II. 
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Tens  of  thompnidB  of  yean  mnBt  pfl»  «way  ere  some  ef  those  other  sfaietly- 
ptriodical  mcfwrnaati  ore  concluded,  whose  nstnre  we  loiow,  and  whose  rtAe  we 
iieemirFt ;  and  which  serve  to  bind,  not  our  eordi  only,  hut  the  sjrstem  of  planets  te 
which  we  hehmg,  to  the  other  hedies  and  syetems  of  aimHar  hind  in  the  uniTeiBe. 

No  less  conaiderable,  peffaspa,  is  the  time  Te<iiiired  to  complete  some  great  period  ia 
the  eserlh'B  own  history.  This,  at  least,  is  the  natoxel  eeachision  to  whidi  we  asTrveby 
tiie  stady  of  existing  nature ;  and  it  ia  a  conelusien  ftilly  bofne  out  by  every  reanlt  ot 
ohaerraticHi  with  regard  to  the  post,  and  e^ry  principle  iji  analogy  presented  in  the 
aoienoea  meet  naezly  allied. 

Not  only  may  we  Ismq  the  result  of  snhterraneoHi  aetion,  as  eoMbited  on  a  grand 
scale  in  earthquakes  and  associated  with  Toloanic  phenomena,  hut  also  in  many  parts  of 
the  world  where  such  indications  of  destructiye'violeBce  are  rarely  or  never  exhih^ed. 
Among  the  more  remazkable  instances  of  tUs  kind  may  be  (jaoted  the  nnmeeeaa  nosed 
beaches  on  our  own  eoast,  and  along  the  greater  part  of  the  north-western  portion  of 
£uzope--the  occasional  submarine  fUreets  observable,  often  in  the  immediate  neig^beur^ 
hood  of  the  devated  tracts,  and  the  singular  instances  in  the  Eastern  Archipelago,  and 
the  coast  of  South  America,  of  very  large  tracts  of  country,  extending  hundreds  and 
even  thousands  of  miles,  undergoing,  it  would  seem,  a  slow  but  continual  diange  of 
level,  in  the  one  case  consisting,  on  tho  whole,  of  elevation,  and  in  the  ottter  of 


The  evidence  (^movements  of  this  kind  is  very  complete,  especially  with  reference 
to  long  periods  of  time  marking  geological  epochs. 

In  England  the  whole  of  the  south  and  west  coast  exhibits,  at  intervals,  distinct 
marks  of  devation,  alternating  Bometimes  with  depression,  the  elevation  amounting  to 
from  a  few  to  about  sixty  feet  above  the  present  high-water  mark.  It  wiH  readily  be 
understood  that,  in  consequence  of  movements  of  this  extent,  there  is  occasionally  laid 
bare  not  only  an  ancient  sea-beach,  but  the  former  bed  of  a  sea,  and  in  fact  raised  sea- 
bottoms,  analogous  to  the  ancient  beaches,  are  well-marked  phenomena,  not  unfre- 
quently  exhibited. 

When  we  consider  the  facts  thus  brought  to  light  by  an  examination  of  existing  sea- 
coasts,  and  find  marks  of  change,  efifected,  it  would  seem,  within  a  comparatively  recent 
I>eriod,  it  is  scarcely  possible  that  we  should  not  be  struck  by  the  fact,  that  while  all  seems 
still  and  unchanged,  these  not  inoonddcrable  movements  may  be  modifying  all  the 
various  oonditions  of  organic  existence  in  these  parts  of  the  globe.  For  it  is  no  unim^ 
portont  ftct  that  the  general  level  of  a  country  is  raised  or  depressed  from  its  former 
condition.  The  drainage,  the  temperature,  the  quantity  of  rain  that  fhlls,  and  o^ier 
important  matters,  are  all  affected  by  sudr  change ;  and  when  the  alteration  extends  to 
ike  whole  ooast-line  of  an  island,  it  is  only  reasonable  to  conclude  that  the  whole 
sdrfiKO  of  the  island  is  more  or  less  acted  on,  although,  from  the  extreme  downess  of 
the  change,  it  cannot  be  measured  by  any  of  the  ordinary  means  available. 

On  a  line  of  coast  easily  eroded  by  the  action  of  the  waves,  and  in  a  district 
in  which  cultivation  soon  destroys  every  restige  that  may  have  been  left  at  a 
distance  from  the  shore,  these  difficulties  are  even  greater,  and  can  hardly  be  so  fror 
surmounted  as  to  allow  us  to  obtain  exact  results.  But  when  we  can  p-r«TwiTiA  carefully, 
and  by  actual  measurement,  localities  removed  some  distance  from  the  coast,  we  then 
may  obtain  certain  knowledge  both  as  to  the  amount  of  the  elevation  and  the  direction 
of  the  elevatory  force.  An  opportunity  of  this  kind  is  offered  on  the  north-western 
coast  of  Europe,  where  the  deep  and  narrow  inlets  Cidlcd  Qords,  so  characteristic  of  the 
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dk6fe»i>f  Vorwmy,  ha/re  aBowed  obwmitiaDt  to  be  inaib  more  direc*  and  deciaivfr  tlMn 
any  othen  of  the  kind  hitherto  leonnied. 

It  there  appears  that  the  aovth-east  coast  of  Nefway  has  Veen  etefited  ateit  two 
himdred  yards  within  a  oeonparatifely-feaMEt  period;  that  ibtd  whole  ooast,  vcf  to  Cape 
North,  has  also  undergone  eleyation,  though  not  to  quite  so  great  an  extent ;  that  this 
eleration  is  nearly  equal  over  oonfliderahle  tracts,  the  lines  of  ancient  saa  kvd  (which 
can  be  dearly  traced)  being  yerj  neaiiy  hortsontal,  and  gradoaily  dying  away  towards 
the  interior  of  the  country. 

DepXMflion  of  Land.—In  singular  contrast  ^'ith  observatibnB  of  this  kind  on 
land  near  the  arctic  circle,  and  illustrating  similar  important  changes  on  a  Tcry 
grand  scale,  we  come  next  to  the  cOBSBdjavation  of  a  vast  ntultitiide  of  islands  in  thd 
great  Eastern  Aiehipelago,  and  dsewhero  in  the  tropieal  seas,  sucronnded  and  appa- 
ifloHy  fiidBed  by  solid  material,  secreted  by  a  nuanto  animal,  the  coral  polyp. 


BLOCKS  07  COSAL* 

It  would  seem  that  nothing  is  more  titriking  or  piotozesque  in  the  warm  seaa  near 
the  BquAtor  than  the  owtd  islands,  of  Tarioos  kinds,  that  aA>eimd  in  eertaia  parts,  hnft 
are  neyer  seen  in  others.  They  are  of  three  kinds :  fringmff  the  sides  of  consider* 
able  iakods,  and  having  a  manifest  foundation  in  the  land  adyeiaing;  forming^  as  it 
weie^&im0rf  of  coral  detached  from  the  land  and  hariag  an  intonrening  shallow  basin 
hetween  the  outer  reef  and  the  island ;  and  entizcdy  detedied  fiecoi  the  land,  fiomiag 
oirekts  of  ooral  roei^  with  a  basin  or  Isgoon  iacludl)d-<^hGie  IsMer  being  eailed  lagoon* 
islands,  atolls. 

The  idievmsAaaoes  under  which  the  ooaral  asiinal  builds  its  stngolarhaibitatxoBs  en 
a  large  scale  ore  very  weU  known  and  dearly  limited.  The  aaamal  eaomoi  live 
«l  a  graator  depth  than  twenty  to  thirty  Csthoma;  but  gBeafc  miasea  are  £9und,  m  mTk, 
St  a  fiir  greater  deikth  thim  this.  The  csily  ezpLanatMn  is^  either  that  the  watcm 
of  the  sea  hav«  greatly  risen  in  some  paitieular  parts  of  the  oeean^--a  mani  feat  absurdky 
•«-or  that  the  land  on  whidi  these  eorals  fint  grew  has  sunk  down  just  as  the  land  in 
Nocth^westem  Barope  is  rising.  A  ooral  reei^  dbnasstiBg  of  a  fringe  of  live  ooial  attached 
at  a  moderate  depth,  is  the  8impl«^  pfaenomcoon  of  the  kind,  and  is  easily  under- 
stood. This  is  called  a  fringing  reef ;  and  as  the  animal  only  grows  vigorously  when  nneh 
expooedto  the  beating  of  the  wares,  the  limit  of  its  eztensiim  is  easily  detfsiained.  But 
if  this  whole  island  now  sinks  down  dowly,  the  lowest  pert  of  its  eond  will  gradually 
die,  and  new  portions  rise  still  to  low  water.  Owing  to  the  comparative  shelter  widiiiB 
tho  eirde,  there  is,  however,  a  very  shallow  basin  formed  between  the  outer  edge  and 
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A0  lind.    In  this  ftate  it  is  caEed  a  bcooriec  leef^  lad  one  or  mora  ialands  will  be  sur- 

xounded,  perhaps  at  some  distance,  by  this  singnlar  ahelter. 

If  the  baiiier  reef  sinks  still  further,  it  beoomes  at  last  an  atdUL 

The  result  of  the  inrestigatioos  on  this  subject  is,  that  where  these  atdUs  and 
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barrier-reefe  exist,  there  has  been  long-oontinued  subsidence  within  a  compaiatiTely 
recent  period.  In  this  condition  are  sereral  large  tracts  in  the  tropics,  parallel  to,'  but 
remoyed  some  distance  from,  other  tracts  in  -which,  we  have  evidence  of  recent  elevAtion. 
Perhaps  the  most  remarkable  area  of  depression  is  that  including  the  Caroline  and 
the  Low  Archipelagos,  extending  nearly  eight  thousand  nulcs,  with  a  breadth  of  about 
two  thousand  five  hundred  miles. 

There  has  been,  therefore,  in  this  wide  tract,  now  only  occupied  by  islands,  scarcely 
seen  aboye  the  sea-level,  and  in  part  kept  iu  existence  by  the  continual  labour  of  the 
coral  animal,  an  ancient  tropical  continent,  rivalling  the  two  Americas  in  magnitude, 
and  greatly  modifying  the  temperature  and  cUmate  of  that  part  of  the  world  in  which 
the  change  has  taken  place. 

Such  is  the  evidence  on  which  we  assume  that  there  arc  districts  of  the  earth  now  under- 
going depression  on  a  scale  not  di<wimilar  to  nor  indeed  unconnected  with  that  on  which 
we  recognise  elevation.  By  observations  of  this  kind  on  low  islets,  which  now  only 
retain  their  existence  owing  to  their  having  been  found  convenient  for  the  habitation 
and  structures  of  the  coral  animal,  we  are  enabled  to  recognise  the  last  vestiges  of 
lofty  peaks,  which  once,  perhaps,  existed  as  moimtains  penetrating  the  region  of  the 
clouds.  We  may  thus  reconstruct  in  imagination  the  Isnd  which  has  been  submerged, 
and  may  even  be  induced  to  speculate  concerning  the  date  of  the  submergence,  and 
^e  plants  and  aninuds  that  clothed  the  ancient  continent. 

Considered  in  their  extent  and  in  their  bearing  on  the  general  ailment,  these 
various  fhots  and  probabilities  with  respect  to  disturbance  of  the 'earth's  crust  suggest 
conclusions  in  the  highest  degree  important  and  interesting.  We  have  seen,  for  instance, 
that  the  solid  frameworic  of  our  ^obe  is  frequently  exposed  to  the  action  of  subter- 
ranean forces ;  obtaining  relief  from  time  to  time  by  volcanic  outbursts  of  melted  rode 
and  ashes,  thrust  forth  from  beneath  with  almost  inoonoeivable  force  and  velooity— «nd 
occasionally  tearing  asunder  the  thin  crust  that  has  cooled  over  the  boiling  and  rdMless 
mass  beneath,  producing  undulations  and  earth- waves  which  embrace  in  their  vibrations 
a  large  proportion  of  the  surfSftoe,  which  carry  terror  with  them,  and  leave  destruction 
behind  them.  We  have  seen,  also,  that  besides  movements  of  this  kind,  readily  and 
immediately  perceived,  there  are  others,  afiJDcting  areas  no  less  extensive,  and  in  a  still 
greater  and  more  permanent  manner ;  modifying  the  form  of  land,  producing  or  destroy- 
ing continents  and  islands,  and  effecting  changes  which,  in  their  turn,  influence  the 
conditions  of  life  upon  the  earth. 

Changes  of  this  kind— «o  considerable  that  it  is  diiHcult  f^y  to  realise  their  amount, 
so  majestic  in  their  progress  that  the  age  of  man  is  hardly  an  appreciftble  instant  in 
referenoe  to  the  time  they  occupy,  .so  directly  influencing  the  great  physical  features  of 
the  earth  that  our  speculations  with  regard  to  them  carry  us  back  to  an  eariy  period 
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of  its  exifltence— will  at  onoe  be  xecognued  as  of  the  most  vital  importance  in  xeference 
to  tlie  oontinQOiis  and  ancient  history  of  oar  globe. 

And  the  &ct8  ^ns  leamt  harmonise  perfectly  with  other  phenomena  of  natnre,  iat 
they  speak  of  tho  existing  condition  of  things  as  incidental  and  not  permanent — as  a 
pert,  and  a  very  small  part,  of  a  mighty  and  oontinnous  whole. 

They  romind  as,  also,  that  if  we  stady  natore  we  mast  ererywhere,  and  at  all  times, 
expect  modification  and  change.  The  ideas  of  matter  and  motion  are  seen  to  be  inse- 
parable, and  no  rational  conclnsions  can  be  arriyed  at  withoat  bearing  this  truth  con- 
stantiy  in  nund. 

Aqueou  Action.— Bearing  in  mind  tho  actual  configuration  of  the  globe,  the 
relations  of  the  land  and  water  which  form  its  surface,  and  the  extent  to  which  eleva^ 
Tation  and  depression  are  going  on,  let  us  next  consider  the  changes  that  are  produced 
by  those  agents  which  are  in  the  ordinary  sense  of  the  word  natural,  as  not  surpassing 
the  CTery-day  operations  of  nature. 

Such  alterations,  so  far  as  they  are  manifest,  axe  of  three  kinds :  including,  first,  those 
brought  about  by  the  agency  of  life  iu  all  its  forms ;  secondly,  those  simply  mechanical, 
effected  by  rain  and  other  atmospheric  causes,  by  rivers  in  their  course  to  the  sea,  by 
marine  currents,  by  the  action  of  the  tides,  by  occasional  storms  and  by  floods,  by  the 
transport  of  icebergs,  &c.,  in  addition  to  ordinary  volcanic  and  earthquake  results,  erup- 
tions of  lava  and  other  solid  matter,  and  the  slow  upheaval  of  largo  tracts  of  land 
unaccompanied  by  violence ;  and  lastiy,  the  changes  produced  by  the  action  of  mag- 
netic conents  passing  through  the  crust  of  the  earth,  and  effecting  their  results  also 
during  the  hipse  of  time,  assLsted,  perhaps,  by  the  mpcbanical  displacements  and  evolu- 
tions of  heat  derived  from  volcanic  influences. 

The  changes  effected  upon  the  earth's  sur&ce  by  mechanical  agency  are  very  much 
greater  in  every  respect  than  could  readily  be  believed  withoat  actaal  calculation. 
S?ery  shower  of  rain  that  fisUs  in  a  mountain  district  washes  down  some  particles 
from  the  soUdrock;  every  winter  frost  detaches  multitudes  of  larger  fragments;  every 
occasional  stonn  produces  likewise  its  effects.  All  these  partides  of  matter,  some  in  the 
form  of  impalpable  mud,  others  in  larger  particles,  and  others  in  the  shape  of  gravel 
snd  blocks  of  stone,  arc  earned  down  the  steep  gullies  and  river  couims  towards 
the  plains,  and  thenoe  onwards  to  the  ocean ;  and  unless  they  are  flrst  intercepted  by 
extensive  lakes,  the  matter  brought  frum  the  high  grounds  is  thus  carried  on,  till  the 
water,  losing  its  rapidity  of  motion,  loses  also  its  power  of  conveying  substances  heavier 
than  itself^  and  the  mud  is  deposited  either  in  the  bed  of  the  ocean  or  at  the  month  of 
the  river,  according  as  tho  river  cuxrent  is  suiBeient  or  not  to  make  head  against  the 
tidal  changes  of  the  open  sea.  One  or  two  instanoes  of  each  kind  of  the  tetminaticn 
of  river  courses,  will  give  a  sufficient  idea  of  the  nature  of  these  operations. 

The  river  Ganges,  with  its  confluent  the  Bunrampooter,  onpties  itself  into  the  sea, 
at  the  head  of  the  great  Bay  of  Bengal,  by  a  vast  muUitode  of  small  channels.  These 
commence  to  branch  off  from  the  main  stream  at  a  distance  of  about  220  miles  from  the 
sea,  and  form  a  triangular  area,  whose  base  at  the  Bay  of  Bengal  is  about  200  miles  long. 

The  whole  area  of  upwards  of  20,000  square  miles  thus  indosed  fbrms  what  is 
called  from  its  shape  a  deltas  and  it  is  found  on  evamining  this  delta  that  the  whole 
mass,  to  a  great  depth)  consists  of  the  mud  and  other  matter  brought  down  by  the  river 
in  the  course  of  ages. 

Now  it  may  seem  almost  extravagant  to  assume,  from  any  superficial  observations, 
that  20,000  square  miles  of  soUd  land  coold  be  by  any  possibility  dqposiled  by  a  river 
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«ixts  SMutlL.  But  no  one  irili  doubt  liiat  wiuitewmaf  be  tbft  rate  of  tiM  iiwn  -tnas 
rout,  it  cannot  but  be  greatly  checked  by  ptasiiig  thxo«g^  iheie  hiuidveds  of  auxaw 
ftlm««iJ«^  and  nunt  thevelbra  deposit  in  them  a  Tery  Inge  qnantity  of  Am  hea¥Mr  mud 
it  oonveya.  It  haa  been  calcinlatad  by  Major  Bemul  that  during  Ibo  flood  aeaaom 
aa  much  as  450  milliona  of  toiui  ireigpht  of  nmd  aro  bnught  down  daily  by  &e  men 
in  foeitian,  and  eidier  deposited  in  the  diffennt  branchea,  or  increaae  the  aim  of  the 
delta  by  encroaching  yet  further  an  the  Bay  of  BcngaL  It  will  periiapa  aaaiat 
the  reader  in  fi)miing  an  idea  of  this  qoantityy  to  state  that  it  is  equal  to  abo«t  a  hnat^ 
dred  times  the  mass  of  the  great  Pyramid  of  Egypt,  and  that  if  the  deposit  iriere  to  go 
on  daily  at  this  nite  for  half  a  century,  there  irauld  be  a  quantity  of  oaattar  eqna^ent 
to  a  stratum  a  yard  thick  over  the  whcde  20y000  sqnaie  miles  of  the  delta. 

When  the  outrent  of  the  rirer,  as  it  emptiea  itself  into  Ihe  oeean,  is  ao  poworM  na 
to  proceed  onwaida  in  spite  of  the  tides  and  marine  ouzrenlB,  a  diflbrsnt  xeanlt  ia  pv»- 
duccd.  The  mighty  river  of  the  Amazon,  in  South  America,  is  a  ivmaatkahle  JnatoTifp 
of  this,  for  this  stroam,  loaded  with  mud  and  heary  detritoa,  may  be  dintingiiinhed  ftom 
the  pure  water  of  the  sea  at  a  diBtnnce  of  thzee  hundred  miles  from  land.  A  vast  tract 
of  swamp  is  fonnod  along  the  coast  in  the  direction  of  the  marine  cuirent  fay  Ihia  mad, 
and  the  shallow  sea  along  that  coast  is  rapidly  being  oon^erted  into  land. 

Bivers,  under  ordinary  conditions,  thus  bring  down  and  d^toait  at  their  montiia,  or 
in  the  lakes  through  which  their  waters  pass,  Tery  large  quantities  of  solid  matter;  but 
the  occasional  freshets  and  the  floods  that  are  eonimon  in  all  monntain  dialricU  pio- 
duoc  yet  mote  striking  effects,  and  freqnently  rea»ve  fragments  of  Tock  oad-large  qnan- 
tit&M  of  earthy  matter.  Even  in  Sootlond  iaflfemoas  aie  not  ncre  of  floods  of  water 
cairying  away  bridges  and  moving  fragnMOita  of  Tock  of  many  tens  waght,  and  the 
oflecta  in  the  Alps  and  other  loftier  chains  in  temperate  and  eold  regions  are  rery  much 
greater.  Within  the  last  lew  years,  owing  to  aome  cause  probahly  commoted  wiHi  tite 
melting  of  sBowa  in  the  Andes,  the  inhaibitanta  of  a  district  in  K«w  Gianada,  ahaoil 
ander  the  equinoctial  line,  afaont  4^  K.  lat.,  w^sre  almost  all  desteoyed,  and  their  haaai'ii 
oanied  away  by  a  tonent  of  nmd,  atones,  and  gravel,  the  amount  of  wUehiaoaloolated 
to  hare  exceeded  260  millions  of  tsns  weight 

MaolMBa  are  also  mighty  agtnts  of  dumge.  It  is  well  known  that  hi^  moan* 
tadns  in  all  parts  of  the  woild  »b  •constantly  eowred  with  enow,  their  teupeoatoreeTan 
during  sommer  not  rising  sufficiently  to  «^  away  this  covering.  Evon  in  the  trapiea 
wc  may  rise  from  the  most  iutenae  heats  of  sammer  through  every  gradation  of  floaeofi 
to  perpetual  winter.  At  the  equator  the  line  at  which  the  snow  never  melts  is  ahoait 
16,000  ftet  above  the  sea.  In  the  Swiss  Alps  it  has  diminished  to  about  9700  ftet»  and 
still  nearer  the  artic  circle  it  daocenda  still  lower,  until  at  length  it  reaches  to  the  v«ry 
sea  level. 

Snow-dad  mountains  are  not  gladers^  nor  do  glaciers  belong  exclusively  to  the 
snowy  r^on.  The  eoonnen  form  of  a  glacier  is  a  liver  of  fnwensnow,  having  iti  origin 
in  the  ramifications  of  the  higher  vaUoys.  It  is  the  ouflet  of  some  of  the  vast  leeer^ 
Toin  of  snow,  being  a  prolongation  of  the  winter-world  above,  often  protruded  into  the 
midst  of  warm  slopes,  and  even  to  the  bordcre  of  cultivation.  It  moves  on  Kke  a  river, 
with  a  steady  flow,  and  though  no  eye  can  trace  its  motion  it  is  pressed  onwards  perpe- 
tually, and  its  termination,  a^iarently  an  immoveable  crystal  wall,  is  in  ihct  perpetually 
changing^-a  stationary  form  of  which  the  substance  wastes— a  thing  permanent  in  the 
act  of  dissolution. 

For  the  greater  port  of  its  course  a  g)aoier  is  asoally  covered  with  "blocks  of  stones, 
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M'hicli  are  Iwme  npon  ita  surface.  These,  which  arc  ofton  of  Taat  dimonsiona,  are  fipUt 
off  from  the  peaks  of  the  higher  moimtoins,  and  by  the  expanflion  of  \rater  in  cooling 
fall  £roni  the  clifEs  which  bound  the  aides  of  the  glacier  during  the  middle  part  of  its 


course,  l^cy  may  ho  xised  to  trace  the  rate  of  motion  of  the  torrout,  and  arc  seen  from 
year  to  year  descending  with  it,  the  glacier  becoming  burdened  with  a  constantly  increas- 
ing charge,  and  at  length  depositing  these  rocky  fragments  at  its  final  extremity.  It  ia 
chiefly  from  the  fact  that  it  conveys  these  fragments  to  a  distance,  and  there  forms  a 
superficial  deposit  of  a  very  remarkable  kind,  that  the  glaciers  are  objects  of  interest  to 
the  geologist,  and  play  an  important  part  among  the  agents  of  change  on  the  earth's 
surface.  Their  lower  parts  are  sometimes  completely  tlarkcnod  with  the  quantity  of 
rocks  which  are  in  the  act  of  being  tianiiportcd  to  a  distant  locality,  and  the  dimensions 
of  these  rocks  vary  exceetUngly,  including  some  fragments  measuring  hundreds  of 
thousands  of  cubic  feet,  and  innumerable  others  of  smaller  si^c. 

Xceliergs.— Ill  a  country  like  Switzerland,  and  under  present  conditions  of  tem- 
perature, the  extreme  effect  of  glacier  motion  is  to  deposit  stones  and  gravel  on  the 
sides  and  near  the  termination  of  some  of  the  valleys  of  the  higher  mountains  ;  but  it 
would  appear  fix>m  the  examination  of  the  opposite  mountain  of  the  Jura  (distant  about 
fifty  miles)  that  their  effects  were  not  always  so  limited  but  that  the  Htream  of  stones 
was  formerly  carried  across  the  great  valley  of  Switzerland.  Whatever  the  cause  of 
this  may  be,  there  is  no  doubt  that  in  more  northern  climates  these  icy  mountains 
frequently  como  down  into  the  ocean,  and  are  often  broken  off  and  floated  away  by 
marine  currents.  The  number  of  iccbor^— as  they  are  called  when  in  this  state — 
annually  floated  off  from  the  Arctic  Seas  into  southern  latitudes,  is  fSar  greater  than  could 
bo  imagined,  since  as  many  as  five  hundred  have  been  counted  in  view  at  one  time  in 
latitude  70^  N.,  while  a  considerable  number  are  conveyed  more  than  20**  south  of  that 
lutitade  before  tlie  j  are  melted. 

The  fragments  of  ioe  thna  distribotod  over  the  Atlantic  Oeean,  and  generdOy,  nodouUy 
m.  nearly  the  tame  eourse,  in  conaequenco  of  the  prevalent  cmrents,  ctfmo4  Vut  pro- 
dnoo  a  oonaLdendile  eflSect  in  fanning  deposits  on  the  leoF-Mtom.  Icebergs  are  of  various 
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dimensions-^-flome  extremely  large,  and  loaded  with  great  Blocks.    Whateyer  size  they 
may  possess  abore  water,  there  must  be  a  mass  enormously  greater  below,  since  for 
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every  cubic  foot  visible  there  must  bo  at  least  eight  cubic  feet  out  of  sight.  "When, 
therefore,  we  are  told  of  islands  of  ice  two  miles  in  circumference  and  one  hundred  and 
fifty  feet  high,  wo  need  not  be  astonished  at  learning  that  they  have  been  found 
stranded  in  water  fifteen  hundred  feet  deep.  The  effect  of  the  stranding  of  such 
enormous  masses,  and  the  quantity  of  gravel  and  blocks  of  stone  deposited  at  the  sea- 
bottom  during  the  melting,  it  is  scarcely  possible  to  imagine. 

Action  of  the  8«a. — Marine  currents  daily  wear  away  portions  of  the  coast  washed 
by  them,  somo  of  the  results  of  which  are  seen  in  the  chalk  cli£&  of  the  Isle  of  Wight 


a,  level  of  low  water, 
t,  level  yf  high  wuler. 
rf,  broken  fragment  of  tiie  cliff  e. 


EFFECT  OF  TIDAL  ACTIOM  Olt  A  COAflT. 


and  of  Normandy,  while  on  a  grander  scale  the  same  process  is  going  on  in  the  north  of 
Scotland,  where  the  sea  has  cut  for  itself  a  passage  through  difib  of  the  hardest  por- 
phyry, separating  islands  from  the  main-land,  and  tearing  these  islands  to  shreds,  untQ 
at  last  even  these  are  washed  away,  victims  to  the  resistless  violence  of  moving  water. 
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The  preceding  diagram  veil-  illiutrates  the  tidal   action  on  a  diff  in  the  Isle  of  Olenm 
in  France. 

The  extent  of  solid  matter  deposited  in  new  places  by  the  action  of  water  is  exceed- 
ingly great,  and  really  produces  a  yery  considerable  change  in  the  lapse  of  centuries. 
But  there  is  another  kind  of  action  also  going  on  on  our  globe,  which,  although  of  a 
directly  opposite  nature,  is  not  less  efiSectual.  The  numerous  Tolcanoes  and  centres  of 
Tolcanie  eruption  distributed,  as  has  been  already  described,  over  the  earth's  surfifuse, 
pour  out  melted  rock  and  various  heated  substances  upon  the  sur&ce,  and  produce 
strange  and  unexpected  additions  to  the  solid  matter  of  the  globe. 

Such  outlines  as  haye  been  given  may  servo  to  conununicate  a  notion  of  the  intensity 
and  power  of  the  foroes  now  in  action,  and  a  careful  study  of  them  will' greatly  assist 
in  obtaining  distinct  ideas  regarding  geological  changes.  And  this  is  the  case,  because 
whatever  may  be  the  diflEerence  of  degree  and  intensity  with  regard  to  the  causes  that 
have  produced  the  appearances  recorded  by  geologists,  there  can  be  no  doubt  that  the 
only  true  and  sound  basis  for  all  speculations  concerning  them  should  be  a  consideration 
of  what  is  now  going  on  in  any  analogous  mode.  It  will  soon  appear,  when  we  begin 
to  study  the  facts  of  Geology,  that  these  are,  to  a  great  extent,  due  to  causes  so  similar 
that  we  can  scarcely  distingnisb  between  them ;  for  the  strata,  and  disturbances  of  strata, 
present  very  nearly  the  same  appearances  as  those  now  in  course  of  deposit,  or  now 
being  disturbed  by  the  forces  just  described. 

Ovgaaic  InfliiMioe.— But  we  must  not  leave  out  of  view  another  very  marked 
agent  in  modifying  the  earth's  crust— namely,  that  which  is  connected  with  organic 
existence.  In  the  vegetable  world,  and  in  tropical  coimtries,  the  results  thus  produced 
both  on  land  and  at  river  mouths  are  very  important ;  for  we  find  vast  tropical  forests 
sometimes  changed  by  alight  disturbances  of  level  into  swamps,  while  at  other  times  the 
trees  are  canied  away  by  floods  and  deposited  in  river  beds,  or  conveyed  down  to  the 
open  sea.  Other  and  not  loss  important  modifications  are  also  effected  by  plants  of  small 
sise  producing  peat. 

But  it  is  animals  of  low  oiganixation  that  affect  in  the  most  striking  manner 
the  actual  solid  substance  of  the  earth— their  skeletons  occasionally  forming  extensive 
and  thick  beds,  and  the  living  individuals  and  groups  building  up  whole  mountain 
masses,  compared  with  which  the  most  mighty  and  magnificent  of  human  labours 
shrink  into  insignificance.  Among  these,  the  polyp  which  fbims  coral  islands,  the  yet 
less  manifest  foraminifera,  and  the  minute  and  almost  invisible  inftisorial  animalcules 
ate  remarkable  instances ;  and  certainly  it  is  calculated  to  stagger  the  fiuth  oi  any 
one  when  he  hears,  for  the  first  time,  that  masses  of  rock,  many  leagues  in  extent, 
are  founded  in  the  depths  of  the  ocean,  and  that  these  are  built  up  to  the  height 
of  hundreds  of  feet,  by  minute,  frail,  and  gelatinous  animalcules.  The  prodigious 
extent,  indeed,  of  the  combined  and  unintermitting  labours  of  these  litUe  world 
architects  must  be  witnessed  in  order  to  be  adequately  conceived  or  realised.  They 
have  built  up  a  barrier  reef  along  the  shores  of  New  Caledonia  for  a  length  of 
four  hundred  miles,  and  another  which  runs  for  one  thousand  miles  along  the  east  coast 
of  Australia.  They  form  also  circular  rings  or  islands  rising  out  of  the  deep  water, 
an  aooount  of  one  of  which  may  be  given  as  an  example  of  their  labours.  Those  of 
small  size  measure  fifty  miles  in  length  by  twenty  in  breadth,  so  that  if  the  ledge 
of  coral  were  extended  in  one  line,  it  would  reach  one  hundred  and  twenty  miles  in 
length.  Assuming  such  a  ledge  of  coral  to  be  a  quarter  of  a  mile  broad  and  one  hundred 
and  fifty  foet  deep,  we  have  here  a  mound  compared  with  which  the  walls  of  Babylon, 
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thfi  great  wall  of  Ohioi,  or  Ihe  pyxamidB  of  £g7pt  «re  but  ohiUkrott's  tejt;  aid  it  is 
built  amidst  the  wares  of  the  ocean,  and  in  defiance  of  its  storms,  which  swnp  away 
the  ntiore  solid  works  of  man. 

But  animals  infinitely  mora  mxnute,  and  apparently  moire  helplesi,  tiiaa  lSbm»  tmtl 
polyps  also  ibim  importaat  deposits  on  the  eardi's  suzfaoe.  Certain  kinds  of  ailiceQaB 
stone  uaed  in  polishing  metals,  and  known  tmder  tiie  name  of  l^ripoti  and  PdliflhiBg 
slate,  are  entirely  composed  of  the  siUoeons  cases  of  the  inftwofrial  animaleoles,  «ad  at 
one  spot  in  Bohemia  there  is  a  sin^e  stratum  of  this  substanee  not  loss  tlun  fonzteen. 
feet  thick,  eyery  cubic  inch  of  which  has  been  estimated  to  contain  the  flinty  skcAeton 
of  more  than  forty  thousand  millions  of  individuals. 

Thus,  then,  it  appears  that  there  aro  constantly  going  on  great  and  important 
changes  of  the  physical  features  of  the  globe,  eyen  so  great  as  to  affect  the  relatiye 
distribution  of  land  and  water,  and  that  those  changes  are  produced  partly  by  Die 
transporting  power  of  water  and  by  the  aid  of  frost ;  partly  also  by  the  upheaving  and 
ejecting  of  matter  by  yokanic  agency ;  and  partly,  too,  by  means  of  the  ceaseless 
labours  of  organized  beings,  some  of  them  so  minute  that  they  cannot  be  appreciated  by 
the  imassisted  eye. 

aecapitwlation ■ — It  may  be  worth  while  now  to  bring  back  the  reader's  attentioEn 
to  the  mode  in  which  the  various  fsu^ts  and  deductions  of  the  science  have  been  pre* 
sented,  and  the  object  which  it  has  been  endeavoured  to  keep  constantly  in  view. 

Nature — ^understanding  by  that  term  the  conditions  under  which  matter  and  motion 
are  presented  to  the  human  intellect  by  the  agency  of  the  extexmd  aenses — ^Nature  is 
everywhere  before  us,  imd,  wbether  we  will  or  not,  nmst  produce  a  certain  effect  npota 
us.  We  may  study  or  not  the  various  departmeots  involved  in  the  simple  obosrvagtaoii 
of  external  nature— ws  may  reflect  upon  or  neglect  the  eontemplatioa  of  timt  bsaotiftil 
ajid  invariable  harmony  -v^oii  reigns  throagfaout  in  the  laws  and  methods  aeooidifigto 
whiflih  matter  is  axrsnged—- we  may  be  exslusive  in  onr  devotioii  to  a  speeial  subjatft^  or 
we  may  wander  discursively  over  all— in  a  word,  we  may  be  as  regsidlcBs  or  as  eaths- 
siastio  as  we  wlQ,  but  we  cannot  escape  being  injSsanoed  and  affected  by  every  kw  and 
eveiy  modification  of  it  Thus  it  is  that  the  study  of  Nature  is  a  personal  matter,  and 
in  seme  form  or  other  is  the  souroe  of  ail  our  purest,  best,  and  most  lasting  'enjoyments. 
It  has  been  eodeavomed  to  illustrate  tiie  subject  of  Fhysioil  Goegraphy  by  ftmilior 
examples,  proving  the  groat  principle  of  mntnal  adeptatiea  sad  mutual  rtilatioii 
everywhere  present,  and  to  show  that  nature  is  one — governed  everywhere  by  the  same 
laws,  following  everywhere  and  always  the  same  plan,  and  producing  that  very  bar- 
nMnious  variety  which  is  so  essential  for  our  ^ypreeiation  of  beauty  by  the  neoessaiy 
attd  invariaUe  action  of  a  few  simple  and  easily  understood  scnrai^ements. 

For  this  purpose,  those  general  fiuts  relating  to  our  ^anet  were  first  broaght  VA&at 
notice  which  connect  the  earth  with  a  great  and  wide  system,  eartending  indeflniiely  in. 
space,  and  not  limited  by  any  boundary  that  wc  can  even  imagine.  AH  l^se  vaorieos 
and  innumerable  spheres  move  in  perfect  harmony,  each  in  its  aceostomed  eouise,  fiet 
nninfiuenoedby  the  rest,  nor  without  influenee  upon  them,  but  not  interfering,  send 
exhibiting  no  elements  of  discord.  We  then  proceeded  to  consider  the  aotioii  of  the 
imponderable  agent  which  we  call  heat,  in  consequenoe  of  whose  influence  that  portion, 
of  matter  belonging  to  us  as  a  planet  exists  on  the  sorfiMe  in  the  thiee  eonditionu}  of 
earth,  air,  and  water ;  these  conditions  not  being  necessary  to  matter,  and  only  having 
distinct  referenee  to  the  organic  bodies  presented  at  and  near  the  esrtii^s  snr&ce. 
The  effects  produced  by  the  mutual  action  of  eardi,  air,  and  water,  were  then  dwelt 
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d  we  oonsidered  the  results  of  long-continued  action  of  tliat  kind  in  elabonting 
llfee  eTJgting  state  of  the  surface.  Eacli  of  these  so-called  "  elements"  was  the  subject 
«f  apBcial  coandanitioB,  and  the  most  impartant  phenomena  of  each  came  fluceesaivelj 
nnAur  our  notice.  In  all -those  oases  the  important  coaclusion  was  thatwhich  p-nTii^^t^ 
the  ana  aet  of  fiicia  with  the  otiier—the  apparent  and  proidmate  cause  with  the  obsecred 

Baviag  Ihuaaiudied  the  Taziona  phminmiffla  of  esteiaal  nature  dependent  on  the 
wmdiftim  of  natter,  and  Tisifale  toererf  ana^  we  adverted  to  the  £Bot  that  besides  this 
kind  of  mutual  action  there  is  also  another  and  more  palpable  change  produaed  by 
msGkaiiicai  TiaLeBeey  aad  acting  at  least  partially  through  the  agency  of  heat.  Earth, 
an^  8k,  and  water,  howerer  chemists  may  regard  them,  and  whateyer  we  may  know  of 
dmir  nlfiimrtfl  compeneats,  are  thus  in  one  sense  true  clement»>-for  l^ature  acts  by 
them,  and  with  rofereBee  to  tiie  oandhions  of  matter  aa  inralyed  in  their  eziatencc.  A 
^ataai  o£  mcmmuBrts  was  neat  brought  under  discussion,  which  appears  to  be  going  on 
intiia  aarth'a  cnist  on  a  gnnd  scale  and  requiring  the  lapse  of  long  periods  of  time,  and 
it  was  aaesn  that  the  Yaiious  pariodie  changes  exacted,  wliethcr  diumally  by  the  earth's 
leroiatioiL  oo.  its  axis,  and  by  oceanic  and  atmospheric  tides—monthly,  according  to 
the  lelatiTo  actions  of  the  moon  and  t^  sun  on  the  ocean—seasonally,  according  to 
the  poaitLon  of  yaadoua  parts  of  the  earl^  presented  to  the  sun— manually,  owing  to  the 
earth's  mrelutioii  round  tiie  san— in  many  years  or  conturiea  itom  recuiiing  positions 
of  the  planets;  that  all  these  ave  but  types,  aa  it  were,  of  still  greater  but  also  periodical 
f  hangw,  of  which,  in  many  oenturies,  only  tkvery  amall  part  can  be  recognised.  Thus 
ifeeppaaia  that  incqpanio  oatare  ia  ererywheie  and  always  changing — ^that  matter  and 
■Btiini  are  inseparahfe  ideaa. 

Afldmwy  lastly,  it  is  OTident  from  dio  atady  of  ihe  earth's  anrfietoe,  as  wall  as  fiom 
maooB  phfainiBi  ni  presentsd  ianmediaitely  heikeatii  the  aurlMce^  tbnt  the  methods  dt 
pBSHDt  adopted  in  the  diatoibixtion  of  life  in  horimBtaleKtanaiQn  Metiieaeme  as  thoee 
according  to  which  animals  and  Tegakahles  haTO  sueoeeded  each  other  in  time. 

Hare,  aa  b^bte,  tihe  law  is  the  aame-4he  xooult  analogous  ;  but  atiU  t^  la^ee  of 
tima  is  aadaeated,  the  centniaes  thai  have  ndled  by  have  stamped  their  made  u^en  aU 
jflOBa  ef  mattar  faelaogiing  to  them;  the  period,  whateyer  it  may  hdve  been,  duiing 
vhiak  eartain  apcsatiooa  were  perfbrmcd,  and  certain  resnUa  pvoduocd,  waa  indivi- 
dnatirad  if  one  may  so  say— and  iSuu  haying  a  diaracteristie,  it  may  be  identified  and 
iiMiayiMihed  £Kan  other  periods  daring  which  similar  but  not  the  same  results  were 
faoogbt  oat. 

ThoB  it  is  that  Ihe  study  of  Physical  Qeography  leads  to  a  knowledge  of  the  true 
prineq^ea  of  Geology.    Aadlhe  great  resuhs  of  geobgical  inyesti^potiQa  are  also  sinxple, 
and  nsay  be  atated  in  fionfr  words.    The  materials  of  &e  earth's  crost  axe  arranged  in    . 
definite  order,  and  they  contain  the  remains  of  the  innmaLU  f^iA  yegctahlaB  that  lived 
teeing  their  formation.    Hence  we  eonneet  Descriptinre  Geology  with  the  history  of  the 

In  oBBiftlndiwg  thia  part  of  the  subject,  it  may  he  advisable  to  recapitulate  the 
general  reanlts  of  isvast^^ation  oonccming  tiiie  earth  as  a  planet  Its  form  being  very 
naady  lint  whiidi  wenld  be  assumed  by  a  fiaid  body,  revolving  in  spaoe  and  subject  to 
the  law  of  gssvitaiaan,  it  has  been  assumed  that  the  oompreeaod  spheroidal  shape  is  an  ] 
n^moMBt  tending  to  pnyve  that  the  earth  was  originally  in  a  state  of  igneous  fusion, 
&om  which  it  has  eoeied  down  by  nadiatien  in  passing  through  a  cold  medium.  No 
mtf  heweyer,  has  ezplamed  where  thia  lost  heat  has  strayed  to. 
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It  haA  been  suggested  that,  supposmg  the  whole  mass  to  haye  first  existed  ia  ft 
gaseous  state,  like  a  thin  mist,  in  consequence  of  intense  heat,  such  a  gaseous  nehnlA 
would  first  become  fluid  by  cooling,  and  afterwards  a  film  of  oxidized  material  would  fonn 
on  its  surface,  which  in  time  contracting,  cracking,  re-hardening,  and  thickening,  mig|it 
become  such  a  film  as  that  we  now  see.  Whether  this  yiew  may  be  possible  in  a 
chemical  sense,  or  whether  there  is  any  good  reason  to  assume  it  mechanically,  one 
thing  should  not  be  forgotten^namely,  that  the  shape  would  bo  equally  assumed  by 
a  solid  sphere  haying  as  much  elasticity  as  the  least  elastic  of  the  materials  which  £Qim 
the  earth's  crust 

That  the  density  of  the  whole  mass  of  ^e  earth  is  not  very  much  greater  than  the 
density  of  the  surface,  has  likewise  been  put  forward  as  an  argument  in  favour  of  this 
igneous  theory  of  the  earth's  origin ;  but  hero  again  it  must  be  remembered  that  ^use 
are  many  ways  of  explaining  this,  as  there  are  also  of  accounting  for  an  increasing 
temperature  within  moderate  depths.  That  there  is  a  very  considerable  quantity  of 
intensely  heated  matter  at  no  great  distance  beneath  the  sur&oe,  and  communicatiBg 
readily  at  distant  points,  the  phenomena  of  earthquakes  and  volcanoes  place  beyond  a 
doubt,  but  with  regard  to  the  actual  state  of  the  inteEnal  nucleus  there  do  not  seem  to 
bo  at  present  sufficient  grounds  for  coming  even  to  any  proximate  conduaion. 

The  magnetic  condition  of  the  earth's  sui^^uje,  and  the  remaricable  results  of  recent 
discoveries  on  this  subject,  must  no  doubt  have  very  important  reference  to  a  large 
class  of  phenomena  connected  with  igneous  rocks,  with  the  numerous  veins  and  fissures 
in  them  and  in  adjacent  rocks,  and  with  the  filling  up  of  these  with  minwals  or  inetallfo 
ores.  The  manifestly  gradual  and  successive  nature  of  this  filling  of  metalliferous 
veios  chiefly  in  certain  directions  seems  partly  accounted  for  by  the  nature  of  the 
currents  and  their  magnetic  directions;  and  if,  as  is  most  likdy,  ounents  of  magnetic 
force  arc  related  to  or  productive  of  changes  in  temperature,  a  very  important  field  is 
open  fbr  investigation  and  speculation  in  a  department  of  Geology,  as  well  as  Physical 
Geography,  not  less  interesting  than  it  is  practically  important. 

This  view  of  the  earth  as  a  planet— as  a  mass  of  mixed  material  constantly  in 
motion,  exposed  to  various  influences,  and  subject  to  much  internal  change — rag. 
gests  many  problems  of  deep  and  lasting  interest  in  other  departments  of  science. 
If  these  magnetic  currents  steadily  pass  on  with  nevei^oeasing  motion  through  the 
whole  external  crust  of  the  eartii,  we  are  justified  in  considering  them  in  their 
relations  to  the  forms  of  matter  in  general,  and  it  wUl  be  at  once  seen  how  important 
these  relations  may  be.  Minerals,  though  not  endowed  with  life,  tend  to  assume  definite 
forms;  rock  masses  also  assume  forms  in  some  respects  similar;  minerals,  in  their 
perfect  state,  are  crystals ;  and  crystals  are  the  different  simple  bodies  and  natural 
definite  compounds  presented  in  the  shape  which  they  invariably  assume  when  not 
interfered  with  by  external  influences,  and  penuitted  either  to  become  solid  or  to 
arrange  themselves  in  their  natural  order  when  solid.  But  the  properties  of  crystals 
are  intimately  connected  with  and  related  to  light,  heat,  electricity  in  its  ordinaiy 
form,  magnetism,  and  chemical  action ;  and  thus  we  find  the  magnetic  condition  of  the 
earth's  crust  directiy  connected  with  the  conditions  of  matter  witiiin  the  surfiice. 

In  thus  venturing  to  point  to  the  direction  in  which  modem  discoveries  and  modem 
speculations  will  naturally  be  directed  in  order  to  enlarge  the  boundaries  of  general 
Imowledge,  we  are  by  no  means  departing  from  the  strict  subject-matter  to  which  we  are 
limited.  These  matters  do,  all  of  them,  and  in  the  highest  sense,  belong  to  Physical 
Geography,  and  by  that  science  they  are  understood  and  applied.    Physical  Geogn^y 
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includes  them,  consists  of  them,  they  fonn  the  elements  of  the  most  important  general 
yvBwn  on  the  subjoct,  and  they  are  thus  d&ectly  connected  with  the  most  interesting 
and  valuable  of  the  elementaiy  fiicts  on  which  Geology,  as  a  department  of  Natural 
History,  is  based.  No  apology  is  therefore  needed  for  apparently  traTeUing  out  of 
irhat  may  seem  the  direct  path  of  the  subject ;  as,  if  the  reader  can  be  induced  to 
make  but  a  little  progress,  and  consider  the  subject  in  the  light  in  which  it  is  here 
placed,  he  will  not  complain  that  it  wants  interest,  or  is  beyond  the  comprehension  of 
any  intelligent  and  thinking  person. 


DESCRIPTIVE  GEOLOGY. 

Intvo4notioB. — ^When  wo  pass  from  the  consideration  of  Physical  Geography, 
properly  so  called,  and  endeavour  to  picture  to  ourselves  what  may  be  the  result  of 
those  various  operations  now  in  progress  tending  to  produce  change  in  the  nature  or 
appearance  of  the  earth's  crust,  we  at  once  enter  on  speculations  which  may  be  called 
geological ;  for  it  is  the  object  of  Geology  to  learn  what  may  have  been  the  mode  of 
action  in  past  time  by  evidence  now  offered  concerning  present  modifications. 

The  application  of  Physical  Geography  to  a  study  of  geological  causation  is  thus 
a  short  and  easy  step,  and  indeed  it  only  involves  the  additional  study  of  the  efiect  pro- 
duced during  long  periods  of  time,  and  the  probable  changes  thus  involved,  in  order 
that  we  may  enter  on  the  consideration  of  some  of  the  most  interesting  geological 
problems. 

A  very  superficial  examination  of  the  earth's  surfiioo  offers  sufficient  proof  that 
there  is  a  certain  degree  of  order  in  the  arrangement  of  the  materials,  and  that  there 
are  indications  of  system  and  plan  somewhat  rcaembUng  that  periodical  recuzienoe 
of  days,  months,  and  seasons  which  must  have  first  suggested  to  men  the  investiga- 
tion of  the  cause  and  the  existence  of  a  law  in  reference  to  the  heavenly  bodies. 
Any  intelligent  observer  discovering  order  in  the  arrangement  of  the  materials  of  the 
earth's  surface  in  one  place,  and  comparing  it  with  the  arrangement  elsewhere,  finds 
that  the  two  do  to  a  certain  extent  correspond.  In  this  way  it  is  made  out  by 
observation,  that  there  are  a  number  of  beds,  or  similar  collections  of  sand,  mud,  and 
stone,  which,  owing  to  some  peculiarity  of  appearance  or  contents,  may  be  identified. 
This  is  the  first  step  in  Geology,  and  the  knowledge  of  this  fact  soon  loads  to  the  more 
strict  investigation  of  the  nature  of  the  deposits  thxa  noticed,  and  ultimately  brings  to 
light  a  vast  multitude  of  interesting  fSEu^ts,  all  showing  that  there  is  abundant  regularity 
in  the  earth's  structure,  and  many  of  them  pointing  very  dearly  to  some  definite  order 
and  system,  which,  after  a  succession  of  observations,  is  at  length  found  out  to  agree 
with  some  definite  system.  As  the  astronomer  deals  with  space,  so  does  the  geologist 
with  time,  and  in  both  sciences  multiplied  observations  add  constantly  new  ikets ;  the 
contemplation  of  facts  suggests  the  existence  of  laws,  and  the  laws,  being  once  fairly 
made  out,  arc  applied  to  practical  purposes. 

Oaologyy  tiien,  is  a  science  of  observation,  the  object  of  which  is  to  investigate  the 
nature  and  to  discover  the  order  of  arrangement  of  the  materials  of  which  that  part  of 
the  suffiuse  of  the  earth  exposed  to  observation  is  made  up.     It  has  to  deal  with 
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i  relating  to  wfast  is  genttally  called  **  the  earth's  omst"  It  has  to  detamkaey 
aa  Apr  ae  poeaiUe,  the  complete  histoiy  of  this  turfkoe,  sEiid  should  do  so  b^  ampk& 
indnotirvc  reasoning,  applied  to  the  observed  &ct8,  vhAtererthey  may  be.  Hie  fbat 
ihixig  to  be  done  by  the  geologist  is  to  observe — ^that  is,  to  acqoiie  a  kaovledge  of  tin 
tme  eondition  of  the  eatth's  snrfkce ;  and  this  cflbeted,  he  most  endeavoiir  to  make  out 
by  what  poasifale  laws  or  regular  processes  soch  a  series  of  appearances  might  be  pn^ 
ditoad,  and  he  must  consider  how  for  his  observations  justify  him  in  assuningsytteBBtic 
regularity  and  a  distinct  order  of  recurrence,  and  how  fiir  they  involve  a^aient  excqpn 
tions  to  any  assumed  rules.  It  is  not  till  he  has  learnt  something  of  the  cause  as  well 
as  the  effect  that  he  can  be  in  a  condition  to  apply  his  knowledge  to  practice ;  but 
having  been  thus  far  taught,  he  will  soon  find  abimdance  of  opportunity  for  rendering 
it  useful,  whether  to  the  agriculturist  or  architect,  whose  business  lies  with  soils  and 
materials  for  construction  obtained  from  near  the  earth's  surface,  or  to  the  miner  whose 
object  it  is  to  penetrate  its  deep  lecesees  ftir  the  sake  of  the  metalliferous  minerals  to  be 
obtained  by  mining  processes. 

But  no  such  useful  results  can  be  obtained  by  a  mere  knowledge  of  what  oA«rpfl0ple 
have  found  out.  Observations  must  be  looked  upon  as  the.  food  of  science— food  that 
must  be  digested  before  it  is  assimilated,  and  that  can  only  be  ultimately  available  fcv 
any  useful  purpose  when  thus  digested  and  assimilated,  for  then  only  is  it  capable  of 
producing  new  roeults,  and  fonning  an  integral  part  ef  the  intellectual  constitution. 
Thus  all  facts  must  be  classified,  imdeistood,  and  registered  systematieally ;  and  we 
must  have  been  able  to  deduce  laws  from  their  oonsideratioci  beSnre  we  can  safely 
apply  them  to  any  practical  purposes. 

Bat  although  people  generally  are  willing  to  admit  the  truth  of  this  in  cases  where 
they  perceive  the  results,  and  where  the  bearing  of  scienee  upon  matters  of  fact  has  been 
too  long  seen  to  bo  questionable,  they  are  by  no  means  so  reasonable  in  the  case  of  a 
pursuit  like  Geology,  which  is,  to  a  great  extent,  new  to  them,  and  which  is  often  looked 
on  rather  as  an  amusement  than  a  study.  It  has  thus  sometimes  been  thought  advisabliQ 
to  commence  by  directing  attention  to  results,  to  show  what  has  been  d<me  and  what 
may  be  done  for  the  actual  benefit  of  mankind  by  the  knowledge  of  geological  fects 
aad  the  application  of  geological  theory,  and  to  illustrate  the  importance  of  the  subject 
by  exhibiting  the  intimate  relation  of  this  science  with  others  cf  acknowledged  valuer 
such  as  Astronomy,  Physical  Geography,  Chaotiistry,  and  general  Natural  Histoiy.  SkmiQ 
of  theao  relations  have  been  already  oonsidered,  and  others  wiU  be  alluded  to  in  the 
loUowiag  pages ;  but  it  is  needless  to  go  twice  over  the  same  gromd,  and  a&tieipAte 
matter  which  more  fitiy  finds  a  place  elsewhere.  Still  it  must  be  admitted,  that  in  ardor 
to  understand  Geology,  and.  study  it  properly,  we  require  to  know,  first,  the  general 
eondition  of  the  earth's  sur&ce,  and  the  operations  now  going  on  upon  the  soiioee, 
tending  to  modify  or  alter  it.  We  must  know,  secondly,  the  actual  nature  of  the 
materials  or  mineral  substances  which  make  up  the  earth's  citist,  and  which  are  found 
in  it,  and  their  relations  with  the  existing  surface.  We  must  know,  in  the  third  place, 
the  mode  of  arrangement  of  the  materials,  the  laws  that  govern  that  arrangement,  and 
the  action  of  those  laws  in  ancient  times ;  and,  partly  in  order  to  recognise  the  true 
nature  of  such  laws,  partiy  because  sucJi  objects  are  so  commonly  present  as  actually 
to  form  a  very  sensible  part  of  the  solid  matter  under  examination,  we  must,  in  the 
foforth  plaoe,  learn  the  true  history  of  those  animals  and  vegetables  whose  remains 
occur  in  or  form  the  beds,  and  this  we  must  do  by  connecting  the  natural  history  of 
existing  animals  and  vegetables  with  .that  of  the  groups  presented  in  the  way  just 
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deflcribed.  The  first  of  ^taie  fofost  dtpartnaats  of  Geology  has  been  aheady  diaciueed 
under  Uie  name  of  Fhyaieal  Geography ;  the  second  is  oiJled  Mineralogy,  and  is  the 
snbject  of  ft  separate  treatise;  the  third  is  DeseriptiTe  Geology,  in  the  uaual  aeooptation 
of  that  tenn,  i^ich  is  now  abovt  to  oeeiq^y  our  attention ;  while  the  fonrth.is&eqiimtly 
apdken  of  as  Pabeonttdogy,  hat  must  be  ecnsideied  in  oonnection  with  Descriptive 
Geology,  on  which  it  very  directly  bean. 

Hirir^ — ^In  a  geological  and  technical  senae  all  manes  of  solid  matter  possessing 
a  common  chancter,  and  any  degme  of  nnity  as  a  oomhined  set  of  matmals,  axe  called 
roet$.  In  this  sense,  not  only  grsnite,  slate,  and  hard  sandstones  and  limestones, 
but  &e  softest  days  and  eren  mnd,  and  the  least  perfiectly  aggregated  and  loosest  sands, 
are  aH  spoken  o£  under  the  same  general  term,  and  axe  all  oonaidered  as  sufficiently 
designated  by  it 

The  form  and  method  of  aggregation  differ,  however,  very  greatly,  and  admit 
of  a  aeparation  of  rocks  into  three  elaases ;  fbr  while  we  find  some  manifestly  of 
mechanical  origin,  and  bearing  all  the  marks  of  deposition  from  water,  arranged  too 
into  beds,  as  if  from  intervals  or  changes  in  the  rate  of  deposition,  others  are  as  mani- 
|S»tly  not  referrible  to  saeh  an  origiD,  but  have  been  affected  by  heat,  and  some  have 
evidently  cooled  down  from  igneous  fdsion.  A  third  class  exists,  intennodiate  in 
character  between  these  two;  for  while  the  rocks  in  this  case  bear  marks  of 
original  aqncons  origin,  and  clearly  exhibit  proof  of  having  nndeiigane  subseqnent 
change,  in  many  cases  there  is  no  reason  for  attributing  this  change  to  the  action  of 
heat  The  first  class  are  called  by  the  geologist  aqueous,  the  second  %gneou9y  and  the 
third  meUtmorpkie, 

Socks  that  are  called  igneous  generally  exhibit  some  maiks  of  general  uniformity  of 
stmctore  without  much  approach  to  true  stratification  or  supeiposition  of  beds  of  similar 
materials.  Thus  in  granite  we  find  crystals  of  quartz,  felspar,  and  mica,  mingled  together 
withont  a  base ;  and  it  is  manifest  that  the  process  by  which  this  arrangement  of  the 
ports  took  place  was  to  a  certain  extent  chemical  and  not  mechanical,  and  might  be 
accurately  repeated  at  any  future  time  on  a  mass  similarly  constitnted,  or  any  number  . 
of  times  on  the  same  mass  without  change.  On  the  other  hand,  a  scnes  of  lamime,  forming 
a  distinct  bed  of  any  kind,  can  generally  be  traced  very  clearly  to  the  gradual  mechanical 
process  of  deposition,  and  it  is  exceedingly  imlikely  that  such  a  process  should  be  aocn- 
tatdy  repeated  in  all  its  details,  so  as  to  produce  a  second  time  a  series  of  strata  which 
it  would  be  impossible,  on  close  examination,  to  mistake  for  the  other.  This  is  the  case 
even  when  no  organic  remains  exist  by  which  the  bed  can  be  chatactenBcd,  and  in  this 
tespect  there  is  a  well-marked  difference  rarely  to  be  mistaken.  We  have  thus  a  mani- 
fest ground  for  the  subdivision  of  rocks  into  two  classes,  determined  chiefiy,  if  not 
entirely,  by  the  mechanical  arrangement  of  the  particles  or  the  component  parts,  and 
by  ^  fact  of  stratification  being  distinctly  traceable,  or  the  contrary.  The  one  daas, 
tiiercfore,  is  called  stratified^  the  other  wutratified. 

Bnt  again,  there  are  two  kinds  of  stratified  rocks;  for  while  sometimes  the  rocks 
nmaxn  very  nmch  in  the  condition  in  which  they  were  deposited,  or  only  altered  by 
consolidation,  the  infiltration  of  some  mineral  substance  into  cavities,  or  the  segrega- 
tion of  particles  of  the  same  land,  others  have  received,  as  it  were,  a  new  internal 
itroctmce,  superimposed  on  and  sometimes  obscuring,  but  not  obliterating,  the  original 
one,  and  appearing  to  indicate  that  fire  as  well  as  water  has  been  an  agent  in  producing 

We  tlms  have  a  third  class  of  rocks,  mechanically  and  chemically  distingushed 
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from  each  of  the  other  two ;  and  thu  third  daae,  amongst  which  alates  of  all  kinds, 
marble,  &c.,  hold  the  most  prominent  place,  is  called  metamorphie, 

Vames  of  Aoolui.— With  regard  to  the  structure  of  rocks,  there  are  some  expres- 
sions, commonly  used  in  geology,  that  require,  perhaps,  a  word  of  explanation.  JPor- 
phyry  is  one  of  these.  It  is  a  name  applied  when  one  of  the  constituent  parts  of  a  rock 
is  disseminated  through  a  basis  in  the  form  of  grains  or  crystals.  In  those  cases, 
however,  in  which  the  crystals  or  grains  do  not  appear  to  be  of  contemporaneous  origin 
with  the  base,  the  name  porphyry  is  not  properly  applied.  Such  rocks  are  con^lomeratetf 
or  pudding-gtonea.  Amygdaloid  is  another  term  in  common  use  in  geology,  and  is  used 
to  designate  rocks  in  which  vesicular,  almond-shaped  cavities  are  dispersed  throughonti 
these  cavities  being  either  empty,  encrusted,  half  filled,  or  completely  filled.  The 
minerals  that  usually  occur  in  these  vesicles  arc  lithomarge,  zeolite,  chalcedony,  agate, 
heavy  spar,  or  calc  spar. 

Stmctuze.— The  structure  formed  by  the  immediate  aggregation  of  different  species 
of  minerals  in  grains  and  imperfect  crystals,  and  without  a  definite  base,  is  sometimes 
spoken  of  as  poiphyritic,  but  has  also  been  called  granular. 

Granite  is  an  example  of  this  structure,  but  when,  as  happens  occasionally,  large 
and  distinct  crystals,  whether  of  quarts,  felspar,  or  mica,  are  distributed  throu^ 
granitic  rocks,  ^ey  become  porphyries. 

Slaty  structure  differs  from  stratification,  and  is  the  result  of  causes  that  have  affected 
rocks  since  their  deposition,  and  even  since  their  consolidation.  True  slaty  structure 
is  only  exhibited  where  the  phenomenon  of  transverse  cleavage  is  present,  and  this 
phenomenon  of  cleavage  may  be  defined  as  an  arrangement  of  the  ultimate  particles  of 
an  argiUaoeous  or  day  rock  in  planes  parallel  to  one  another,  without  any  reference 
to  original  bedding,  and  so  that  the  resulting  rock  is  infinitely  divisible  in  the  direction 
of  the  cleavage  plimes. 

Besides  the  ordinary  phenomena  of  bedding  and  lamination  observable  in  metamor- 
phosed masses,  as  well  as  those  merely  stratified,  and  manifestly  of  aqueous  origin,  there 
are  others  regarded  as  stratified,  in  which  there  are  no  very  distinct  marks  of  lamina- 
tion in  each  particular  mass  or  seam,  but  the  scams  or  layers  are  regularly  superimposed. 
We  may  thus  have  igneous  and  unstratificd  rocks,  such  as  basalt  (a  form  of  lava),  and 
even  porphyry,  interstratified,  although  of  themselves  they  have  no  lamination ;  and 
compact  masses  of  limestone,  formed  perhaps  by  organized  beings,  and  therefore  not 
arranged  in  the  distinct  subordinate  beds,  are  yet  strata  in  the  whole  group. 

Foflltioa  of  Unsteatified  Rocks.— Generally  speaking,  the  unstratificd  rocks 
are  found  rising  up,  and  forced  through,  or  else  distinctly  subordinate  in  position  to 
those  which  ore  stratified.  Thus  granite,  forming  sometimes  the  axis  of  mountain  chains, 
is  also  forced  up  in  dome-shaped  masses,  bringing  up  the  lowest  of  the  aqueous  series, 
or  the  metamorphie  rocks  wrapping  round  its  shoulders.  Other  igneous  rocks  of  great 
extent  are  similaiiy  placed.  Sometimes,  as  already  mentioned,  these  rocks  alternate 
in  distinct  bands  with  the  stratified  series,  but  chiefly  with  the  lowest  of  them,  and 
wherever  we  can  examine  the  igneous  group,  there  is  always  more  or  less  immediately 
a  communication  with  a  more  considerable  mass  of  the  same  kind  extending  downwards 
into  the  depths  of  the  earth.  Sometimes,  it  is  true,  we  find  an  overspreading  rnnt^^ 
like  lava,  penetrating  downwards  into  cracks  and  crevices  in  the  stratified  rocks,  on 
which  it  seems  to  have  been  poured  out  in  a  melting  state,  but  this  mass  is  connected 
with  some  crevices  of  larger  dimensions,  through  which  it  has  bet-n  ejected  from 
beneath.    By  observing  carefully  the  instances  of  this  kind  in  mountain  and  other  dis- 
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triets  irliere  such  pKenomena  ooonr,  we  oome  at  length  to  the  oondiuion  that  there  are 
two  conditiona  of  igneous  rock,  and  that  the  one  which  is  by  &r  the  most  widely  spread 
and  important,  appears  to  form  the  Aindamental  basis  on  which  all  stratified  roolcs  ulti- 
mately real,  while  the  other  is  the  accidental  result  of  some  local  yiolenoe,  by  means 
of  which  this  matter,  in  a  melted  state,  has  been  from  time  to  time  agitated,  disturbed, 
and  forced  out  by  subtcnraneous  forces,  interfering  with  the  regular  orerlying  series, 
and  Ibnning  a  series  of  phenomena  of  secondary  importance,  because  exceptional. 
Generally,  therefore,  rocks  of  mechanical  or  aqueous  origin  (in  other  words,  stratified 
rocks)  are  superimposed  on  a  basis  of  igneous  rock,  which  has  occasionally  disrupted 
and  penetrated  them,  or  which,  owing  to  some  deeply  seated  cause  within  the  earth's 
crust,  has  been  forced  up  through  them  in  a  melted  state,  and  in  that  case  often  seems 
to  Gvcriie  them. 

It  also  appears  from  this,  that  if^  as  we  suppose,  the  underlying  igneous  rook  has 
been  exposed  to,  or  constantly  preseryes  a  high  temperature,  the  mechanical  rocks  of 
aqueous  origin  in  immediate  contact  may  well  haye  undergone  some  change  in  conse- 
quenoe,  and  haye  assumed  for  this  reason  their  metamorphio  character. 

IgBeaiui  Rockii — Let  us  consider  now  the  nature  of  those  rocks  which  exhibit 
marks  of  igneous  origin ;  and,  in  the  first'  place,  those  which  appear  to  form  the  solid 
frameworic  of  the  globe,  which  ate  the  nuclei  of  mountain-chains,  and  below  which  we 
know  of  no  rocks  whateyer. 

Granite,  Syenite,  protogine,  &c.,  porphyry  of  all  kinds,  greenstone,  serpentine, 

diallage  rock,  quartz 
rock,  and  others,  must 
be  considered  as  be- 
longing to  this  group. 
They  are  all  of  che- 
mical, not  mechani- 
cal finmation;  they 
are  usually  unstrati- 
fied,  and  for  the  most 
part  crystalline ;  they 
neyer  contain  any 
trace  of  organization ; 
they  often  exhibit 
jointed  structure,  be- 
ing separable  readily 
into  cubical  or  pris- 
matic masses ;  and 
they  are  frequently 
traversed  by  rents  or 
fissures  (called  dykes 
and   mineral    yeins) 

of  yariablc  dimensions,  but  exhibiting  a  great  regularity  in  their  general  direction, 
snd  usually  filled  either  entirely  or  partially  with  simple  minerals  and  metallic  ores. 
That  many  of  these  rocks  haye  existed  at  one  period  in  a  state  of  igneous  fiision 
has  been  generally  assumed  of  late  years,  owing  to  the  fisu^  that  irregular  cracks  and 
ereyioes  in  the  adjacent  rocks  are  filled  with  similar  minerals,  either  adapted  accurately 
to  their  ahape,  or  else  passing  into  them  like  a  wedge,  altering  them  at  the  same  time, 
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a»  if  by  thft  aotion  of  hAat.  Aq  iUvstretioa^of  this  appearancfl  ia  seen  in  the  wnngyflri 
cut. 

Chnaaite,  Syenite^  amd  protogins  forniy.cm  tb»  iviude,  tbe  most  important,  tlie  mcMt 
•miBky  extended,  and  tii»  most  intevestiiii^.  group  of  unstratified  igneous,  rocka.. 
Tlii^  aU  offer  tiieattmo  gymraX  chaiacteMi,  oonmHting-  of  erystak  more  or  leas  pez&ot,  of 
q^iartft and folflpar,  jniaaod. eiHier  wkh maoA tofbrm. tnie gnmiie^ wxth honiMeado>  as.in 
iS|MniA^  or  with  tale,.  a8.in;^>fro<^fi#.  Th*  granite  of  Egypt  offera  the  best  6T«inpl6 
oi^m  &sno0t  Tariety— tiiatof  Mont  Blanc  of  the  li^ta?;  while  abondant  exampilaa  of 
ttmagraAite  ao&toaramon  in  oim  own  canntiyy  as^  wdl  in  Cornwall  a»in  many  pacta 
orScoduid. 

QenfiBBlly  speaking,.  o£  the  canpanant  parts  of  giamtio  rook,  fslspar  10  the  moat 
abundant,  and  quartz  the  next  id  order.  In  some  yarietiea,  indeed,  ona  of  thSF  ingre* 
dioitri  is  wanking;  but  tbina  ara  iexeaptioaa. 

XhenBenztadetif  the  aaartitmaifc  parts  Tariaa-  exeaedingly,  tha  oryBtalB  maaanring 
ftamaa^wrat^iibift inrfiea  to  Tecy  mimitoi  graiiis..  Thecooleaz  aisoTaziea  veary  conmdwraMy, 
being  chiefly  goTonad  by  the  fslspar,  whidi  alsO' deltmiincs,  on  the  whole,  the  oon^ 
dhiotkand  i^feafaBMDoftto  roek,-ainee^  whfiK  thatis  apt.  to  daconpose,  tiia  wholomaaa 
ia/of  oomparatufely  looae  testen^  and  £y]fi*'asmider  on  exposare.  It  is  important, 
tiureim,  to  fnramini»  Uie  «fiqnditkiii  of  th*  expqaed  pieoes.of  tfloa  mineaal  ■  belare  ■ft***"**^^ 
granite  for  any  economical  purposes. 

Tha  atruotoDe  of  granite  is  often  suiBeMntly  remarkable,  being  moie  or  less 
diatMMtly  oonoevtiic,.  and  on  a  large  scale  presenting  an  appearance  greatly  resembling 
dboaMfiaactiaiv  entixialy  from  this  cause.  It  has  been  conjectured  by  M.  Yon  Buch  that 
thai  g^nnite  has  been  sometimes  elevated  in  a  -nscous  state,  like  a  bubble  of  ihidk  paste, 
thai  plastic  oonditian  being  due  to  the  action  of  heat  Formed  thusJnto  a  dome  or  bell- 
ahaiKd  nunmtain  mass,  and  left  to  cool,  the  sor&oeis  assumed  to  lunra  cracked  and  split 
iix:ail'dirsctioiis,.  laaTing  a  vast  nuiltitude  of  <fi]odB%  most  of  tiiem  detached  and  partially 
weotlher-wanL  by  long  exposure,  but  yet  rwddiDTngso  wail  the  general  outline,  that  at 
a  diatenee  tho  rounded  and  smooth  contanr  on]^  is^  itgu^juined,  auAitbair  inamBanble 
Eoag^messes  lost  sight  of. 

BeaideB  this  oonaentric  structuieiv  granite,  iai  nat-  unft^uendy  ffji^wnmiy^  and  eome- 

tiiBH2.->ti[biaac 


o£>rn 

conditioBi  and 
tttnLctuie  ap- 
pear to  be  the 
result  of  a  slow 
though  certain 
rate  of  cool- 
ing which  has 
L  produced  a  tcn- 
t:'3  dency  to  ciys- 
talline  ar- 
rangement on 

a  large  scale.    The  deoompoeition.  of  granite  is  also  often,  productiyo  of  curious  and 

grotesque  fonnfi — (see  cut). 

SoBoa  yaluabk  metalliferous  ores  arc  fbund  in  granite  vcios,  and  they  occur  still  moro 


DISIXTSQKATEO  GBAHITS* 


Digitized  by  LjOOQiC 


POBPHTRinC  BOOHS.  61 


wterr  y&BB  iimfVisSqg  oiiter  xociu  are  eostuuiad  into  gruite.     Oxide  of 
tin  and  nstfepe  goU  aie  espedailjr  nnuii^bb  in  reJatiim  to  thit  xook. 

Granitio  xwks  nvt  nnfloquatfly  Hoaat  Hk^MfitMm,  os  latbf  aeedle*«haped  peaks  of 
fajg^  moutein  dlitarieks.  Tl^  at  leMt^  is  the  oaae  in  the  Old  World,  when  the  Alps 
4*Cta»aaai,tfa«  AHai,  aDdtii»HiaaU]fa  BUMutaiBsaU  exbiMt  tha  samo  appeazance 
<iwJDg  to-tlia  flBna  csnae ;  buft  in  Soath  Ammm  Hie  granite  is  more  commonl/  seen  on 
tfafr  kww  l»i|^ili>  pBobaUy  baoanaar  of  tfao  Tdaanao  ongia  of  a  laxge  aumfaes  of  the 
loaki  of  flmfeconaBftryy  aoBd  tiie  zeoent  elaratioa  of  the  great  numntain«Gbains. 

Tfca  diriwiwiUun'of  gnmitio  roeka  npon  thia  earth's  aurfiueis  oncesinnnlly  unacoom- 
p— aed  byaaymaakaof  yipiflnce»  each  aa  the  nplafltog  and  disinflation  of  sfaatte  In 
aaMs  of  tlda  IdnA  tha^atntiilBd  iDdB-*if  any  such  have  been  deposited— haya  been 
aabasipienHy  laaaawL  by  daandalion  Very  extensile  teacts  of  this  loek  ars  said  to 
oocnpy  the  ooontry  between  the  coast  range  and  the  Mountains  of  the  Moon  in  Afiioa, 
and  amiy  pacta  in  the  sonih  of  the  aaae  great  oomtiijentb'  It  fanoa  the  oentre  of  the 
GanaaaaBy  and  aooimdnafale  partaon  of  the  Uzalia&y  Altain,  and  Himalayan  ohaina  in 
Atta  ;  and  in  Smope  Iha  ptrincipai  chain  of  8«andbuma.aiid  Finland,  the  monntaiu- 
chaina  to  ttta  naztb^easty  north,  and  west  of  Behenoia^  the  Carpathians,  Alpa,  and 
PyrasMes^  (bo  Ctaimpiaaii  in  flootland,  the  Manne  ManntainB  in  faland,  and  the 
HalTerns  and  some  other  small  ridges  and  domes  in  England. 

Gianite  and  gtoaitio  zocka  differing  only  from  porphyzy  in -the  state  of  aggregation 
of  Hia  parts,,  it  ought  natorsfly  be  expected  that  paangas  ehould  occur  firom  one  into 
the  other  state.  It  is  indeed  probable  that  many  of  the  ohangee  of  iqppeazance  which 
sn  thcoadanotBd  by  dlstinDt  narnai^  beoauae  the  conditipn  of  tha  minwals  is  di^Ganent, 
owe  thaaDmodififlationi  of  £ana  manly  to  some  yanatioaa  in  the  rate  of  cooling  down 
fioBL  ignaeua  ihaion,  and  this  indeed  is  endent  from  the  &ot  that,  in  the  couiae  of  the 
same  vein,  and  in  dUbrenft  parts  o£  the  same  injected  mass,  we  haye  these  yarieties 


PerphyTitic  zoekiB^  howeyer,  f dim  a  gnmp,  or  rather  a  number  of  groups,  in  which  the 
pMsSBeeof  imbedded  crystsLls  in  a  base  is  a  yery  constant  ehazaoteristic.  In  these  cases 
dia  cryatak  are  usnaUy  quartz  and  felspar,  and  the  base  sometimes  claystone^  sometimes 
boraatOBfi^  and  aometunes  compact  feli^ar.  Porphyry  is  sometimes  stratified,  alternat- 
ing with  distinct  strata  of  mechanical  rocks;  but  it  is  much  more  commonly  masdy^ 
and  in  that  state  is  often  trayersed  by  rich  mineral  y^ns.  The  moet  yaluahlo  mines  of 
occur  in  STamtio  porphyry  ;  the  minea  of  Hungary,  also  of  great  yalue,  are 
in  the  same  kind  of  rook,  and  many  other  celebrated  mining  localities  are 
sianlady  placed.  Porphyry  is  ycry  widdy  distributed,  although  not  so  widely  as 
gianite.  It  abonnda  chiefly  in  some  districts  in  Upper  Egypt,  in  Sweden,  in  Siberia, 
aad  in  Norfii  and  fionth  AmarioiL  Seme  of  the  porphyritio  rocks  contain  cayities  often 
partiaDy  or  entnely  filled  with  simple  mineraU.  Theeo  are  called  amygdaloidal  rocks, 
ftoBs  tin  almond  shape  of  the  yeaiinilar  oayities. 

OtwmsUM  iaoften  pQr]^yritic,  conaiBting  in  that  ease  of  hornblende  united  with 
ftispar.  Common  greenstone  is  a  granular  aggregate  of  hornblende  and  felspar,  and 
laay  ba  eaUed  poorphyritic  when  large  crystals  of  felspar  are  also  present  and  disseminatod. 
When  the  cr3r8talB  form  part  of  the  granular  base,  the  mixture  becomes  gremiaUmc 
pifpkfrtf^  the  black  porphyry  of  the  aneiasts.  Qrmn  porphyry  is  a  name  giyen  to  the 
CBBQMMmd  w^ien  tha  grammar  basis  is  not  yisible  to  the  naked  eye,  and  the  rock  is  uniform 
sad  simpAe^  of  a  blankiflh  green  colour,  and  including  crystals  of  compact  felspar. 

Theaa  rooks  occur  abundantly  in  Scotland  o^^casionaUy  bedded  with  day  slate  and 
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nucaekte.  They  abo  abound  in  Nonray,  Saxony,  Bohemia,  Silesia,  Thnxngia, 
Hungary,  and  the  Swim  and  Savoy  Alps.  In  the  Isle  of  Skye  and  elaewhere  the 
greenstone  contains  hypersthene,  and  is  thus  oaUed  Hyptntkem  grmiMtiuis.  i 

Serpmtme  or  OphtoliU  is  an  ornamental  stone,  sometimea  desoribed  •■  %  aimpk  I 
mineral,  but  more  properly  considered  amongst  rock  formatioms.    It  is  of  a  green  colou,  ! 
soft,  rather  greasy  to  the  touch,  and  frequently  contains  imbedded  minends,  chieAy  I 
magnesian  and  siliceous.    Besides  the  iron  that  enters  into  its  composition  as  a  minenl,   \ 
this  rock  generally  contains  somo  ores  of  the  same  metal,  such  as  magnetio  inm  on, 
chromate  of  iron,  &c.,  and  on  exposure  and  the  consequent  oxidation,  the  toxftoe  of  the 
rock  is  apt  to  decompose  into  a  yellowish  earth ;  but  as  it  resists  the  weather  far  nune 
than  the  gneiss  and  other  rocks  with  which  it  is  usually  associated,  peaks  and  littie 
domes  of  it  are  not  unfrequently  seen  rising  aboye  the  surface  in  distzicts  where  it    ! 
abounds. 

like  other  magnesian  rocks,  serpentine  is  Tery  inimical  to  vegetation,  and  may  be 
known  by  the  bare,  bleak,  naked  appearance  and  sombre  colour  of  its  surfiMe.    It  is 
abundant  in  the  Alps,  in  beds  of  enonnous  thickness.  It  is  also  found  in  Cornwall,  in  Soot-    ' 
land,  in  most  of  the  mountain  districts  of  Europe  and  North  America,  and  in  Mexico. 

A  mixture  of  serpentine  with  limestone  forms  the  rare  and  beautiful  yerde-antico  of 
the  ancients. 

Biailage  Boek  is  nearly  allied  to  serpentine,  and  is  composed  principally  of  felspar 
and  diallagc.  It  is  frequently  trayerscd  by  yeios  of  diallage  and  of  yarious  magn^fln 
minerals.    It  is  abundant  in  seipentine  districts. 

Ttaehytic  Roelu.— We  haye  hitherto  been  considering  the  yarious  rocks  of 
igneous  origin,  without  reference  to  their  position  id  any  order  of  arrangement  that  may 
be  adopted,  and  haye  confined  ourselyes  to  those  which  exhibit  fclspatibic  and  horn- 
blcndic  characteristics.  Felspar,  indeed,  abounds  in  almost  all  rocks  of  this  kind,  in  the 
oldest  granites  as  well  as  the  most  modem  layas ;  but  in  the  latter  case,  and  in  what 
may  be  called  yolcanic  rocks  generally,  as  distinguished  from  the  group  of  underlying 
igneous  rocks,  the  form  assumed  by  felspar  connects  it  with  the  rock  called  irrndtfU^ 
under  which  name  is  included  a  yery  important  group,  distinct  from  the  basalts,  and 
occupying  about  the  same  position  in  modem  rocks  that  granites  and  porphyries  do  in 
those  of  more  ancient  date. 

Simple  trachyte  is  a  tme  felspathic  rock,  generally  of  a  gray  colour,  yery  coarse, 
rough  and  sharp  to  the  touch,  and  apt  to  disintegrate  on  exposure  to  the  weather.  It  is 
sometimes  used  as  a  building  stone,  but  is  not  good  for  this  puipose ;  an  instance  of 
which  may  be  seen  in  the  stone  originally  used  for  Cologne  Cathedral,  obtained  from 
behind  the  Drachenfels  on  the  Rhine,  which  is  already  so  much  decomposed  that  much 
of  it  has  been  removed  during  the  recent  restorations  of  the  cathedraL  Trachyte  is 
generally  porphyritic,  containing  crystals  of  felspar,  hornblende,  augite  mica,  iron  g^lanoe, 
and  occasionally  quartz.  Pitchstone  and  pumice  are  varieties  of  trachyte;  andtrachytic 
porphyry,  in  which  numerous  crystals  are  imbedded  in  a  trachytio  base,  is  also  not 
uncommon.  Besides  the  ordinary  and  more  compact  forms  of  trachyte,  the  same 
mineral  is  very  often  found  in  pulverulent  masses  forming  tuff  or  /sf/o,  in  the  manuflic- 
ture  of  hydraulic  cement. 

Trachytic  rocks,  when  they  contain  a  large  admixture  of  hornblende  and  augite,  but 
in  which  these  minerals  do  not  actually  preponderate,  have  been  called  ffrey»iong,  and 
these  in  the  volcanic  series  seem  to  correspond  to  the  Syenites  and  greenstonea  of  the 
underlying  series.    Hornblende  and  augite,  which  exhibit  themselyes  under  an  almost 
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infinite  yariety  of  fosm  and  ciienmirtimce,  and  whioh  hare  been  determined  to  be  but 
diffiersnt  fonns  aasomed  by  the  same  mineral,  owing  to  difBarencea  of  the  rate  of  cojoling, 
are  the  most  important  ingredients  of  these  locks,  and  proaont  a  ready  means  for 
estabUsfaing  a  claasiflcation  of  them.  They  appear  to  be  formed  under  certain  circiim- 
atances  dozing  the  cooling  of  igneous  rocks,  and  offer  near  approximations  to  some 
artificial  piodnots,  the  result  of  artificial  heat 

FawlHff  Sookaa—Beaides  the  rocks  distinctly  and  properly  trachytic,  and  the 
greystones  or  homblendic  and  augitic  trachytes,  there  is  a  third,  a  very  large  and 
important  dass^  in  vhioh  hornblende,  augite,  hypersthene,  diallage,  and  a  group  of 
minerals  having  many  important  characters  in  common,  either  predominate  very  greatly 
over  the  fialapar,  or  absolutely  exclude  it.  These  form  the  group  of  basalts  and  basaltic 
zooks,  rocks  ftmiliarly  spoken  of  by  all  geologists,  occurring  in  erery  geological  forma- 
tion, and  formed  eren  at  the  present  day,  but  presenting  thcmselTes  under  yarious 
aspects,  and  appearing  in  erupted  beds,  in  huge  columnar  masses,  and  in  yeins  and 
dykes  of  all  degrees  of  magnitude. 

Basalt  is  a  rock  of  great  importance  in  reference  to  geology,  and  its  presence  may 
generally  be  OMisidered  to  point  to  the  former  existence  of  actiye  yolcanoes,  and  the 
eruption  of  rock  in  a  state  of  igneous  Axsion.  Basalt  is  lava  erupted  at  a  time  anterior 
to  the  existing  epoch,  and  often  probably  under  water,  and  therefore  often,  no  doubt, 
exposed  to  conditions  diffiarent  from  those  which  affect  modem  lava  poured  out  on  the 
earth's  surfSeuse. 

Hany  of  the  basaltic  zocks  haying  been  fi»imd  to  exist  in  steps,  forming  a  succession 
of  terraces,  resulting  from  the  way  in  which  they  were  thrown  out  upon  the  sudboe 
or  beneath  the  sea,  haye  reoeiyed  the  name  of  tr^p  roekty  from  the  Swedish  word 
irappoy  a  stair  or  step,  and  are  now  commonly  so  designated  by  geologists.  Under  the 
general  name  of  trap  rock  is  included  the  whole  tribe  of  basalts,  and  indeed  all  those 
rocks  of  yolcanic  origin  erupted  like  laya,  and  in  any  sense  intrusiye. 

Basaltic  rocks  are  not  less  widely  distributed  than  granitic  rocks  and  porphyries, 
and  Uke  these  they  occur  in  two  forms^either  spread  out  upon  the  surfiBU^  or  filling  up 
cracks  and  fissures  in  the  stratified  and  other  rocka  which  they  penetrate.  They  are 
generally  of  an  iron  gray  colour,  approaching  to  black,  and  often  contain  yarious 
imbedded  minerals,  sometimes  in  oayities  and  sometimes  disseminated.  Crystals  of 
oliyine  are  especially  common  in  oertain  kinds  of  basalts,  and  replace  the  felspar  of  the 
older  rocks.  The  texture  of  basalt  is  often  tough  and  hard;  it  has  a  good  conchoidal 
fracture,  and  often  a  sort  of  semi-crystalline  structnze,  and  is  yery  liiUe  to  superficial 
decomposition,  becoming  tiien  of  a  rusty  brown  colour,  and  forming  an  admirable 
yegetaUe  soil.  In  structure  it  is  yezy  frequently  columnar,  owing,  it  would  seem, 
rather  to  a  tendency  to  form  spherical  concretiona  in  cooling  than  to  any  more  complete 
crystalline  arrangement  into  prisms.  Some  yery  remarkable  examples  of  this  structure 
characterise  the  basalt  of  Giant*  s  Causeway,  of  the  Isle  of  Sta£Bs,  and  other  spots  in  the 
north  of  Ireland  and  the  western  islands  of  Scotland ;  and  similar  appearances  may 
be  obseryed  in  basaltic  rocks  on  the  Bhine,  near  the  Siebengebirge,  and  in  central 
France.  The  grotto  of  cheeses,  in  the  Eifel  (see  cut),  affords  a  good  example  of  this 
structure. 

Besides  these  localities,  there  are  seyeral  others,  not  only  in  Europe,  but  elsewhere  in 
yarious  parts  of  the  world,  in  which  may  be  traced  the  oaarks  of  yolcanoes  either  actually 
now  yomiting  forth  fire  and  laya,  or  at  present  extinct,  but  leaving  abundant  evidenoe 
of  tiieir  former  existence. 
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CHEESE   OROTTO   IN   THE  EIFEL. 


Basaltic  locks  are  not  confined  to  tke  siir£ue  or  to  gedDgioal  opoehfi  aotnaHy  sr 

oomparatiTely  recent,  but  are  jnet  with  also  in  the  older  rocks,  iwiinetiww  rsgnlufy 

^__,      ^    .  bedded,    snd 


mountain  .niMses.  Pediaps  :&e 
largest  and  moatwideLyepread  of 
all  these  ia  that  rrmartahle  tothte 
land  •occsp3ring  an  iBiporteufc.part 
of  central  In^a,  hut  a  ireiy  cxten- 
BiTe  ^atnot  in:  South  AMca  is  also 
capped  inihe  aame  maoner.  it  as 
not -unlikely  ihat  in  most  oasesin 
which  the  basalt  is  widely  spread 
it  has  been  poured  oat  beneath  the 
sea. 

It  appears,  thou,  on  the  whole, 
that  whatever  may  be  tlie  case  with 
regard  to  rocks  manifestly  of  aque- 
ous origin,  which  we  have  not  yet 
taken  into  the  account,  there  is  good  evidence  of  the  existence  of  another  very  distinct 
series,  which  may  possibly  be  of  great  age  even  in  its  present  form,  but  concerning 
which,  as  the  masses  of  which  it  is  made  up  owe  their  mode  of  aggregation  to  chemical 
and  not  mechanical  agency,  no  definite  age  can  be  ascertained  from  their  appearance 
and  mineral  condition  only. 

It  also  appeai-s,  that  in  addition  to  an  interesting  and  very  remaritahle  series  of 
such  rocks,  known  by  the  names  of  granite,  porphyry,  greenstone,  and  others,  not  at 
aU  resembling  recent  volcanic  prodxicts,  but  yet  crystalline,  and  manifestly  of  igneous 
origin,  there  is  another  class,  those  called  trap  rocks  and  basalt,  which  appear  to  be 
of  volcanic  origin,  and  whieh,  instead  of  originally  forming  part  of  the  solid  framework 
of  the  earth,  have  burst  through  this  jft-amcwork  and  the  bod^  resting  upon  it,  and 
coming  up  in  a  molten  condition,  have  pproad  themselves  out  upon  the  surface.  These, 
therefore,  even  if  occasioiwlly  bedded,  are  yet,  in  strict  sense,  intnisive.  These  two 
gi-eat  classes  of  igneous  rocks,  while  they  exhibit  many  points  in  common,  are  yet  very 
distinct^  and  they  offrT  much  important  matter  for  consideration,  if  we  desire  to  inves- 
tigate iho  cause  of  the  difference  that  exists  between  rocks  whose  mineral  Ingredients 
and  state  of  aggregation  arc  so  similar. 

Metamozphic  Rocka.-^It  is  one  of  the  proofs  of  the  true  igneous  origin  of  these 
rocks,  that  when  they  have  mnxQ  in  contact  with  others  manifestly  of  aqueous  and 
mechanical  origin,  they  have  altered  them  as  by  the  action  of  intense  heat.  It  is  there- 
fore not  surprising  that  there  should  ho  whole  classes  of  rocks  immediately  adjacent  to 
the  great  underlying  masses  of  granite,  porphyn^,  &e.,  partaking  of  this  character  of 
change,  and  affected  by  the  vicinity  of  so  much  heated  matter. 

Neither  can  we  bo  astonished  when  we  find  that  these  rocks  so  affected  often  exhibit 
very  striking  resemblances  to  the  igneous  rocks  they  approach,  for  there  can  be  no 
reasonable  doubt  that  they  were  derived  immediately  and  directly  firjm  them,  and  were 
nothing  more  originally  than  broken  fragments  re-arranged  into  beds  or  htyers  by  the 
action  of  water.  Thus  there  is  no  \-ioleut  transition  when  we  pass  from  the  examina- 
tion of  granite,  where  quartz,  felspar,  and  mica  are  chemically  arranged,  to  gneiss,  where 
the  same  minerals  are  arranged  mechanically ;  and  we  need  not  wonder  if,  during  the 
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^epodt  of  thflM  wator-wom  AagmeutB,  the  particlea  of  felspar  shoidd  bATe  been  some- 
tines  oanied  on,  lecving  the  henTier  ones  oi  quartz  and  mica  behind  to  become 
mtiM  aohisi,  and  form  a  separata  and  dietmct  deposit ;  or  that  the  miirate  pounded 
firagBients  earned  to  the  ^preatost  distnooe  shotdd  haye  been  tthimately  thrown  down 
as  fina  mud,  irhich  afterwards,  in  ike  oonrse  of  time,  became  elay  slate.  In  this 
way  we  can  acooont  for  the  oxistance  of  the  three  great  classes  of  stratified  meta- 
morphio  rooks,  which,  while  they  are  evidently  mechanical,  are  no  less  eiridently 
changed  from  their  original  oonditiefn,  some  more  and  some  less,  but  which,  though 
thus  changed,  bear  madcs  of  their  original  condition  no  less  than  of  their  subsequent 
modifioations. 

The  rocks  called  metamorphic  are  of  two  kinds,  stratified  and  nnstratificd.  The 
latter  include  quartz  rock,  and  perfectly  crystalline  limestones  or  marble ;  the  former 
are  genecaUy  considered  as  forming  three  groups,  designated  by  the  terms  gneiss,  mica 
slate,  and  olay  alate.  Other  rocks  of  the  same  character,  and  differing  in  appearaneo, 
may  deserve  a  few  words  of  separate  description ;  but  these,  in  point  of  fart,  are  the 
TarietieB  wHh  which  it  is  chiefly  requisite  to  be  acquainted. 

Gneiss,  as  has  been  already  said,  is  a  rock,  of  which  the  materials  are  quartz,  felspar, 
and  mica— the  same,  there- 
fore, as  those  of  which  gra- 
nite is  oompounded;  but 
these  materials  arc  arranged 
in  distinct  layers,  as  we 
might  imagine  would  bo 
the  case  if  the  granite  were 
ground  dawn4o  fiia§wnnti, 
and  thiOi  re-oomposed  into 
a  fltcatifled  rock,  after  being  oonTsyedfor  a  greater  or  less  distance  by  w«ter. 

Bat  gneiss  is  not  mefcly  a  re<*constRi0ted  granite.  It  has  been  since  changed  and 
oonsolidatedinto  a  compact  rock.  It  has  been  sometimes  split  and  fissured  in  Tarions 
directions,  and  these  fissures  have  often  been  filled  with  granite  veins,  while  occasion- 
ally the  gneiss  is  not  at  all  less  crystalline  than  true  granite  itself,  but  passes  by 
insensible  gradations  into  the  latter,  losing,  as  it  approaches  this  state,  all  appearance  of 
stratifioatian,  so  slowly  that  it  is  very  difficult  to  mark  accurately  the  point  of  absolute 
transition. 

As  however  gneiss  passes  downwards  in  this  way  into  granite,  so  does  it  -pseB 
upwards  by  a  schistose  and  less  perfectly  oonsolidated  state  into  iniea  slate. 

Gneiss  and  all  the  other  metamoridiic  rooks  have  frequently  undergone  great  changes 
in  consequence  of  mechanical  vioknce,  and  the  most  singular  contortions  have  some- 
times been  produced  in  rocks  of  this  kind,  appa- 
rently by  violent  squeezing.  In  some  parts  of  the 
western  islands  of  Scotland  very  remarkable  in- 
stanees  of  this  may  be  seen,  and  have  been  well 
described  by  Dr.  M'Culloch. 

Gneiss  is  often  found  wrapping  round  the  central 
granitic  axis  of  mountain  chains.    In  these  cases 
it  has  manifiwtly  imdergone  elevation  with  the 
granite,  and  has  been  greatly  acted  on  during  this  process. 

Mica  slate  or  schist,  nHiich,  next  to  gneiss,  is  among  the  most  abundant  of  the  mcta- 
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moiphic  rocks,  oonaists  apparently  of  decomposed  gnmite,  from-wMch  the  fidspar  hat  been 
remoyed.  It  ia  more  slaty  than  gneiss,  mica  being  the  predominant  minera],  and  the  qnazti 
is  often  airanged  in  thin  lenticular  masses  interposed  between  the  mica,  or  is  fiinned 
into  thicker  beds,  vith  a  more  or  leas  abundant  distribation  of  mica.  When  the  mica 
is  altogether  absent,  there  is  nothing  left  but  quartz  rock.  Mica  schist  passes,  as  already 
observed,  from  gneiss,  in  some  cases  the  gneiss  having  been,  as  it  were,  an  xnterrenxng 
step  in  the  process  of  deposition.  It  occasionally  happens  that  although  the  mica  is 
absent,  it  ia  replaced  either  by  talc  or  by  chlorite.  Mica  schist  is  far  leas  abundant 
than  gneiss  in  Scotland,  but  abounds  in  the  north-west  and  west  of  Ireland,  where 
much  of  the  peculiar  character  of  the  scenery  is  derived  from  the  presence  of  this  rode 
It  is  not  unuaual  to  find  mineraLi  of  yarious  kinds  distributed  in  mica  slate,  amongst 
which  may  be  mentioned  garnets,  tounnaline,  schorl,  chiastolite,  and  cyanitc,  as  well 
as  emerald,  besides  some  ores  of  metals.  Many  instances  are  also  known  of  beds  of 
granular  limestone  and  dolomite,  of  quartz  rock,  and  of  iron  ore,  being  also  piwent  in 
rocks  of  this  kind. 

Mica  schist  is  always  distinctly  bedded,  but  the  strata  arc  frequently  much  con* 
torted.  Although  it  is 
most  usual  to  find  this 
rook  intermediate  be- 
tween gmnss  and  day 
slate,  this  is  by  no 
means  always  the  case, 
and  it  is  yory  widely 
distributed  throughout 
the  earth  without  reference  to  the  otber  great  classes  of  mctamoiphic  rocks. 

Clay  slaU  is  not  less  distinctive  and  not  less  perfectly  characterized  as  a  metamor- 
phio  rock  than  any  of  those  we  have  hitherto  considered.  It  is,  however,  decidedly 
fossiliferous  in  many  cases,  and  thus  occupies  a  double  place,  requiring  to  be  alluded  to 
in  its  metamorphic  character  now,  and  afterwards  appearing  among  the  rocks  regularly 
stratified  and  of  various  geological  epochs. 

Tho  common  appearance  and  general  character  of  clay  date  are  well  seen  in  the  finer 
and  more  perfect  specimens,  seleoted  on  account  of  their  fine  grain  and  perfect  cleavage, 
and  used  for  roofing  houses  and  yarious  economical  purposes.  Slate  varies,  however, 
firom  this  condition  to  a  much  coarser  variety,  containing  few  evident  marks  of  slaty 
structure,  and  being  far  more  siliceous  and  gritty.  It  resemblos  indurated  clay  or  shale, 
and  consists  of  nearly  fifty  per  cent,  of  silica  with  about  twenty-five  of  alumina,  mixed 
with  a  variable  quantity  of  oxide  of  iron,  magnesia,  potash,  and  carbon.  In  the  state 
in  which  it  generally  occurs,  the  particles  have  undergone  change  and  re-arrangement 
of  position  since  the  whole  mass  was  deposited,  and  there  is  good  evidence  to  prove 
that  laige  masses  have  been  disturbed,  and  even  compressed  and  contorted  by  the  intru- 
sion of  other  rocks,  being  often  elevated  into  mountain  masses  flanking  the  igneous 
rocks,  whilst  the  beds  are  frequentiy  inclined  at  high  angles,  as  may  be  seen  in  many 
districts  of  North  Wales,  Cumberland  and  Westmoreland,  Devon,  Cornwall,  Ireland, 
Scotland,  and  many  other  parts  of  the  world. 

This  re-arrangement  of  the  particles  after  consolidation  and  even  after  subsequent 
disturbance  is  a  veiy  remarkable  fact,  and  one  which  renders  it  necessary  to  call  in  tho 
aid  of  tho  metamorphism  as  the  only  means  of  explanation. 

In  North  Wales  itis  no  unusual  thing  to  see  slates  in  which  the  original  lines  of 
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bedding  are  perfeoHy  manifest  by  the  fbesils  obsenred  at  the  poitinga.  These  lines  arc 
now  contorted  and  twisted  in  the  strangest)  most  oomplioated,  and  most  grotesque 
manner,  and  a  diagram  can  scarcely  do  justice  to  the  extent  of  this  complication.  But 
the  same  beds  of  day,  which,  after  being  first  quietly  deposited  as  mud  at  the  bottom  of 
the  sea,  have  afterwards  become  consolidated,  and  then  by  yiolent  squeezing  and 
eleratory  force  hare  been  removed  from  their  original  position,  and  made  to  exhibit 
the  appearances  aboye  described,  arc  yet  smooth,  regular,  and  uniform,  for  they  will 
split  readily  into  ioflnitely  thin  lamin»  parallel  to  one  another ;  they  will  also  separate 
into  cubiofd  masses  of  certain  definite  size,  and  they  will  present  this  structure  in 
precisely  the  same  way,  and  oyer  a  great  extent  of  country,  without  the  slightest 
reference  to  what  may  be  called  the  accidents  of  the  bed,  and  apparently  obeying  only 
some  law  concerning  which  we  know  yery  little,  but  according  to  whose  actxen  the 
internal  particles  of  bodies  in  a  solid  state  change  their  position  relatiyely  to  one 
another,  and  so  far  alter  the  character  of  the  rocks  as  to  justify  the  application  of  the 
term  metamorphic. 

The  phenomena  just  described  are  called  ttruclunU^  as  a£Eecting  the  intimate  structure 
of  the  mass,  and  not  merely  its  external  form.  The  effects  produced  are  reducible  to 
two,  cleavage  and  jointed  structure—this  latter  being,  in  &ct,  imperfect  crystalline 
structure. 

The  condition  of  cleavage  is  always  worthy  of  notice  when  occurring  in  rock 
masses;  but  where  there  is  no  other  indication  of  crystalline  structure,  and  the  mineral 
is  one  which,  like  clay  or  aluminous  earth  mixed  with  silica,  has  no  regular  crystalline 
fbrm,  this  condition  is  the  more  singular.  It  is  not  less  remarkable  to  find  that  rock 
masses  are  affected  by  this  peculiarity  in  a  uniform  manner  over  wide  spaces ;  that 
the  action  has  gone  on  regardless  of  any  change  in  the  nature  of  the  mineral ;  and  even 
if  for  a  space  intermitted,  in  consequence  of  the  presence  of  some  rock  which  cannot 
exhibit  this  appearance,  such  as  the  purer  sandstones  and  quartz  rock,  it  yet  takes  on 
again  at  a  little  distance,  preserving  the  same  direction  and  strictly  parallel  to  itself. 

True  slaty  cleavage  is  generally  transverse  to  the  bedding,  and  often  in  the  direction 
of  the  strike.  It  partially  but  not  entirely  obliterates  true  bedding,  but  it  does  so  by  no 
very  marked  interference ;  and  if  fossils  are  present,  although  they  are  cut  across  and 
intersected  by  the  cleavage  planes,  the  indications  of  organic  existence  stall  remain, 
and  give  the  best  of  all  evidence  with  regard  to  the  direction  and  position  of  the 
bods. 

Jointed  structure  b  quite  distinct  from  cleavage,  its  tendency  being  to  induce  the 
separation  of  a  rock  into  cubical  masses,  by  cracks  parallel  to  one  another  at  certain 
distances  and  in  the  same  direction.  In  most  mountain  masses,  whether  crystalline  or 
not,  in  granite,  in  limestone,  even  in  sandstone  and  coal,  there  may  be  found— and 
this  is  well  known  to  quarrymen— certain  facilities  for  working  in  one  direction 
rather  than  another.  Various  t^yhninal  expressions  are  used  to  denote  this,  but 
no  fiact  is  more  universal ;  and  the  direction,  when  taken  by  the  compass,  is  often 
found  to  have  a  well-marked  relation  to  magnetic  north  and  south.  Of  course,  in  order 
to  produce  cubical  or  columnar  structure,  there  must  be  two  sets  of  joints,  making  con- 
siderable angles  one  with  another,  but  such  is  the  case  in  almost  all  rocks. 

There  are  stiU  two  kinds  of  metamorphic  rock  not  hitherto  alluded  to~namely, 
metamorphic  limestone  or  crystalline  marble,  and  metamorphic  sandstone  or  quarts 
rock.  Both  these  substances  are  occasionally  met  with  in  veios  in  other  metomorphio 
rocks,  and  both  must  be  distinguished  from  the  products  of  segregation ;  partides  of 
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tho  same  kind,  vhen  oombisyed  irith  other  mineral  substaniees,  under  certain  eon- 
ditioBfl,  haying  a  tendency  to  sepacate  and  group  themaaWea  together  in  veina  or 
cavitiefl. 

Crygtalline  metamorphic  limestones  are  always  granular  in  .their  structuie,  and 
the  peculiar  appearance  thus  charactczized  will  be  understood  by  oompadng  a  piece  of 
marble  with  a  fragment  of  Umestone.  All  ihe  fine  kinds  of  marble  are  of  this  kind, 
and  are  generally  found  in  the  Ticinity  of  igneous  rock. 

Qaartz  rook,  or  metamorphic  sandstone,  is  also  granular,  and  is  disttoguifihod 
without  difficulty  as  well  by  its  appearance  as  by  its  geological  position  from  any  rocks 
for  which  it  might  be  mistaken. 

DiBtilbiition  of  BSotamotpbic  B<Mka«— -HaTiog  said  so  much  with  regard  to 
tiie  gensial  appearance  and  nature  of  metamorphic  rocks  as  minerals,  we  have  now  to 
allude  to  their  distribution,  and  to  the  gecdogical  phenomena  oonnected  with  their 


As  a  group,  they  are  very  widely  distributed,  very  closely  related  both  to  the 
underlying  igneous  sod  the  orerlying  aqueous  rocks,  aingulady  fdike  in  many  respects 
over  yery  extensiye  distrkita,  and  at  yast  interyals ;  and  often  coyored  up  supezficialfy, 
by  a  great  fhickneas  of  odicr  xodks,  apparently  partaking  of  the  character  of  uniyonial 
formations.  From  all  this  it  might  be  imagined  that  they  were  contemporaneous,  or 
nearly  so — ^tfaat  they  form  a  yast  mantiei,  spreaing  fair  and  wide,  and  of  much  gueaier 
antiquity  Itian  any  of  those  stratified  fossili&rotts  tos^  which  in  most  countries  are 
fennd  upon  Ihe  surilMse,  in  the  plains^  and  in  the  yalleya.  But  such  a  oonchision  would 
be  prsmatore  and  yery  unphUoscphicaL  Wheneyer,  indeed,  we  find  foKBlifennis  stra- 
tified rocks  resting  upon  metamorphic  rocks,  and  these  again  repofiing  on  giiiute».  tiie 
relaiive  age  is  dearly  exhibited,  but  only  the  relatiye  age,  and  the  metamorphio  and 
igneous  rocks  may  manifestly  haye  been  brought  into  their  present  condition  at  any 
period  between  the  first  creation  of  the  earth  and  the  deposit  of  the  lowest  unaltered 
rock.  As  an  example  of  this,  we  may  take  an  instance  oocuning  in  the  Alps,  where 
a  true  clay  slate  rests  upon  gramtic  xook,  but  there  is  distinct  eyidence  from  fossils  that 
the  slate  is  a  yery  recent  rock,  geokgioally  speaking.  The  slates  of  Wales,  on  the  other 
hand,  which  hardly  diffisr  geologically,  are  among  tho  oldest  strata  of  which  we  have 
any  knowledge,  and  most  unquestionably  were  brought  into  their  slaty  condition  millions 
of  ages  before  the  others  were  deposited  as  nmd. 

The  igneous  and  metamorphic  strata  of  one  district,  therefore,  may  be  of  yery 
different  ages  from  those  of  another,  howeyer  dosdy  there  may  bo  a  resemblance  of 
mineral  struoture.  Chemical  action  may  haye  been  going  on  at  groat  depths  beneath 
the  surface  continuously  during  the  whole  of  the  earth's  history,  and  may  be  stilL  going 
on ;  so  Ihat  the  undulatory  movements  of  the  earth's  superficial  crust  may  haye  been 
the  means  of  bringing  successiyely  under  the  influence  of  heat  those  substances  depo- 
sited frt>m  suspension  in  water,  and  may  perhaps  alter  them,  first  rendering  them 
metamorphic,  and  afterwards  conyerting  them  into  igneous  rooks. 

Aqueous  ftoclui. — Haying  now  considered  the  nature  of  those  rocks  which  form 
the  actual  skeleton  and  framework  of  the  earth,  and  below  which  we  cannot  expect  to 
find  any  indications  of  mechanical  origin,  and  haying  also  discussed  the  nature  of  that 
class  immediately  restmg  upon  these,  and  oftoi  greatly  altered  by  their  contact,  we 
pass  on  to  describe  that  yast  group  of  stratified  fossiliferous  rocks  which  form  the 
great  object  of  inyestigation  in  Geology,  by  which  alone  we  obtain  a  distinct  know- 
ledge of  succession  and  of  the  earth's  history,  and  which,  in  the  infonnatkin  of  this 


Digitized  by  LjOOQiC 


ARBANGEHSNT  OF  AQUEOUS  BOCKS.  o9 


tand  -whasih  they  oammimioate,  aie  equally  remaikable  for  their  Tart  iwiBty,  thor 
fcant  thinknfiw,  aad  their  aibimdaiit  and  charscteriBtio  organic  remains. 

The  fbrat  iAquiry  made  hy  an  ofaserrer  anzioos  to  obtain  and  render  availiMt  a 
knoiHadge  of  thia  subject,  will  almost  necessarily  be—what  are  the  subdivisions  and 
the  characteristics  of  the  different  groups  of  these  rocks  ?— what  principle  of  dassifica- 
tion  is  Allowed,  and  how  fke  is  this  pnninple  a  natural  onO)  or  merely  founded  upon 
aeeadental  or  unimpoitant  characters  ?  As  a  general  answer  to  all  such  inquiries,  it 
ia  as  well  to  say  at  once  that  the  principle  of  classification  in  Oeology  is  natural ;  that 
it  ia  ftmided  npon  ezoeedingiy  important  and  yery  striking  characters ;  that  it  is 
•tricdy  real,  bat  .that  it  often  presents  great  difficulties  when  applied  in  detail ;  that 
it  icqnives  all  the  aocurate  and  minate  knowledge  of  the  experienced  naturalist  to 
aroid  errors  in  its  application.  In  order  to  explain  the  nature  and  xalue  of  this  method, 
it  Witt  be  nfloesBBry  first  to  oonsider  what  kinds  of  arrangement  are  possible,  and  tho 
lalatxre  Tahie  of  each. 

It  is  true  Uiat  since  the  yarkms  aqueous  deposits  exhibit  some  differences  of  mineral 
cuiupuaiiion,  and  some  peculiarities  in  their  state  of  aggregation  when  examined  in 
particular  distEicts,  the  mere  determination  of  the  fact  that  sandstones,  limestones,  and 
day  a  i><ws  grouped  in  a  certam  manner,  wmild  be  something  gained.  Btat  tins,  after  all, 
nAfaatteausbut  asmaUstep;  andwhenweexaminerocksintheir  places,  it  will  soon  be 
fofoaA  that  sndh  distinctions,  howennr  clearly  established  in  one  district,  do  not  help  us 
at  aU  in  another  at  no  great  distance.  Mere  mineral  characters  of  this  kind  are  tjierc- 
ive  pnetioally  of  Utde  Talue,  aad  although  in  the  earlier  days  of  Geology  tho  student 
was  led  to  safipoBe  that  certain  strata,  such  as  red  marl,  grauwackc,  and  others  wei*c 
uniTcrsal,  and  that  limestones  or  sandstones  might  be  detennined  at  once  to  belong  to 
a  certain  age  by  their  iq»pearance  and  crystallization,  no  one  now  would  xenturc, 
without  good  local  knowledge  aad  fiuniliar  acquaintance  with  the  subject  by  other  and 
more  aecuaiite  means,  even  to  anggcst  the  position  of  a  rock  by  its  mere  mineral  and 
lithological  akaracter. 

But  if  mere  mineral  character  of  itself  has  little  value,  it  may  still  be  imagined  that, 
combined  with  local  knowledge,  and  assisted  by  a  knowledge  of  the  general  super- 
position of  strata,  it  might  enable  us  to  group  together  certain  strata.  No  doubt  this  is 
piiliatly  tho  case ;  and  there  are  some  rocks  which,  when  once  detenuined  by  other 
SMana,aieTery  easily  Hieogniaed.  But  to  identify  a  rock  found  in  a  new  country  is  never 
Mfe,  if  we  are  guided  only  by  its  TesfimWsnce  to  a  similar  rock  in  a  district  we  arc 
aiieady  aequaantad  with.  The  resemblscnce  may  suggest  a  plaoe  for  the  specimen,  but 
it  eaasiot  enable  us  to  assert  positively  that  such  is  its  place. 

In  any  given  spot  the  order  of  superposition  is  a  matter  of  great  importance  to 
Jeloimine,  and  the  natmns  of  the  altemations  of  limestone,  sandstones,  and  days  of 
various  kmds,  will  often  exhibit  a  certain  definite  system,  which  it  is  of  no  little  value 
to  know.  But  this  is  not  sufficient  to  enable  us  to  arrive  at  any  distinct  and  useful 
gedogknl  concfaarions ;  for  if  -we  examine  and  make  out  with  perfect  distinctness, 
seeordiag  to  this  method,  the  exact  order  of  superposition  in  one  distarict,  we  are  not 
necessarily  led  to  a  true  identification  with  another  district,  unless  we  can  actually 
ODmaeet  the  two  by  sections. 

T^mtiMm — ^There  is,  however,  another  diaracteristic  of  the  rocks  wc  are  now 
oonaieruig,  and  it  is  one  which  lektes  to  their  contents  rather  than  immediatdy  to 
thenndvea;  hot  whioh,  insufficient  as  it  would  seem  for  daasification  to  those  who  first 
examined  these  contents,  is,  in  point  of  fkct,  when  combined  with  the  others,  perfectly 
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fiufficient  and  aatlvfactary,  and  almost  imiyersally  applicaUo.    Theao  aqneous  rocks  an, 
for  the  most  part,  fosailifcrouft— that  is,  they  contain  tho  remains  of  the  animala  and    \ 
vegetables  exiHtiTig  at  the  time  of  their  deposit,  presenred  in  a  state  which  enables  us    I 
to  examine  and  recognise  them,  and  in  sufficient  abundanoe  and  variety  to  become    | 
in  a  proper  sense  characteristic. 

It  becomes  important  to  consider  the  exact  meaning  of  this  appearance.  How  ia  it, 
we  may  ask,  that  animals  or  vegetables  can  have  left  bones,  sheUa,  or  the  leaves 
or  trunks  of  trees  entombed  and  preserved  in  sand,  mud,  or  limestone  ?  Are  such  things 
going  on  now  ?  and  how  can  we  best  explain  the  various  circumstances  of  the  case  ? 

Both  in  tho  case  of  minerals,  therefore,  and  in  that  of  the  animals  or  vegetaUes 
found  in  strata,  we  are  forced  to  consider  the  general  subject  of  Natural  History  befotre 
we  can  fully  see  the  nature  and  imdcrstand  the  arguments  of  Geology. 

One  of  the  first  inquiries  with  regard  to  these  organic  remains  is  conceming  the 
state  in  which  they  exist,  and  their  relative  and  actual  abundance.  With  regard  to 
both  these  points  there  is  much  that  is  highly  interesting. 

Under  the  name  of /oMt&,  which  were  once  and  are  sometimes  still  called  pelrifme- 
tima,  the  remains  in  qtiestion  have  long  attracted  attention.  Varying  according  to  tho 
locality  in  which  they  occur,  in  one  place  we  find  only  such  minute  and  fragmentary 
remains  that  we  must  call  in  the  aid  of  tho  microscope  before  we  can  arrive  at  any 
Batb£Actory  conclusion.  Another  rock  will  be  found  actually  made  np  of  the  exceed* 
in^y  small  shells  or  secreted  stony  skeletons  of  some  marine  animal,  such  as  a  species 
of  coraL    A  third  will  abound  with  broken  shells,  while  another  will  contain  them 
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more  sparingly,  but  also  more  perfectly.  Hero  a  limestone  rock  wiU  exhibit  tho  most 
delicate  and  perfect  impression  of  some  insect,  crustacean  or  fish ;  there  a  sandstone 
presents  only  the  most  rough  and  imx>erfect  fragments  of  bono  barely  capable  of  showiag 
structure.  In  caverns  in  England  we  find  embedded  the  bones  and  teeth  of  hysmas^ 
bears,  and  elephants ;  in  South  America  the  mud  contains  complete  skeletons  of  mon* 
strous  sloths  and  armadillos ;  while  in  the  Polar  Seas  the  firozen  gravel  is  found  to  yield, 
from  time  to  time,  the  complete  and  uninjured  carcasses  of  gigantic  elephants  and 
rhinoceroses,  ftniitmla  of  which  no  living  individual  has  approached  within  hundreds  and 
even  thousands  of  miles  of  the  spot  within  the  memory  of  man. 

These  so-called  fossils,  too,  exist  in  all  possiblo  mineral  conditions. 

We  find  sometimes  the  bones  and  teeth  of  large  animals,  and  the  shells  and  other  hard 
parts  of  smaller  ones,  distributed  amongst  tho  materials  accumulated  together  in  heapa  by 
tho  action  of  water,  and  very  litde  if  at  all  changed  from  their  original  condition. 

These  hard  parts  have  sometimes  had  a  portion  of  their  substance  removed,  so  that 
they  have  become  more  fragile ;  at  other  times,  their  natural  cavities  and  interstioes 
are  filled  up  by  stony  infiltrations,  hardening  and  solidifying  them ;  while  occasionally 
interstices  loft,  after  the  decay  of  a  portion,  are  filled  up  in  the  same  way  with  stony 
infiltrations. 
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Sometiinee  it  happens  that  not  only  the  interstices  are  filled  up,  but  the  whole  of  the 
rest  of  the  suhstance  is  changed,  particle  for  particle,  into  some  new  mineral,  in  which 
all  the  details  of  organic  structure  are  preserved,  while  occasionally  it  is  found  that  the 
place  once  occupied  by  the  organic  body  has  been  filled  up  by  Bomc  mineral  substanco 
not  exhibiting  structure. 

Lastly,  it  happens  occanonally  that  even  the  soft  parts  have  been  retained,  as  in  tho 
ammonites,  ftc,  of  tho  Oxfbrd  clay ;  the 
akin  of  ichthyosaurus  in  tho  lias ;  while 
in  particular  cases  the  merest  indica- 
tions, such  as  the  footmarks  of  an 
animal  upon  sand,  are  aU  we  have  left 
to  astonish  and  instruct  us.  In  th<^ 
annexed  engraving  there  is  seen  the 
mark  of  a  bird's  foot,  and  imprints  of 
drops  of  rain. 

All  these  are  tho  diflferent  forms  in 
which  bodies,  originally  secreted  bj 
living  animals,  have  been  preserved,  and 
they  occur  in  some  one  or  other  of  such 
forms  in  almost  every  bed  of  the  whole 
number  we  discover.  They  are  incre- 
dibly abundant,  but  they  are  distributed 
in  groups. 

MstiilbiiUon  of  ovganio  Beings 
on  the  Suth. — The  nature  of  the 
groups,  and  the  consideration  of  what 
kind  of  *"'™*1«  would  be  buried  in  the 
sea  in  particular  spots  at  present,  is  the 
next  subject  of  consideration.  This 
involves  some  acquaintance  with  tho 
geographical  limits  and  distribution  of 
animals  and  vegetables  both  on  the  land  and  in  tho  sea. 

If  we  are  to  consider  what  are  likely  to  be  the  causes  of  the  prevalence  of  a  species 
or  a  group  of  species  in  any  spot,  we  must  make  ourselves  fAmilinr  -with  tho  facts  on 
record  with  regard  to  this  subject. 

Now  it  is  well  known  that  certain  animals  and  vegetables,  extremely  common  in 
this  country,  do  not  naturally  range  beyond  particular  limits,  while  the  Miim^U  and 
plants  of  distant  regions  are  only  to  be  found  here  when  introduced  by  the  agency  of 
man.  In  many  of  these  cases  there  is  no  apparent  difficulty  in  acclimatizing  the  newly- 
introduced  race,  and  in  some  the  new  position  they  are  made  to  occupy  appears  even 
more  fitvourable  for  their  development  than  that  to  which  they  were  bom.  We  can 
only  say  that  certain  tribes  are  indigenous  to  certain  latitudes,  and  more  or  loss  limited 
in  their  range  beyond  those  natural  bounds.  Suoh  matters  will  probably  be  more  fblly 
discussed  and  explained  elsewhere  in  speaking  of  the  distribution  of  anhnals  and  vege- 
tables in  space,  which  is  an  important  part  of  Zoology  and  Botany ;  but  we  may  hero 
briefly  advert  to  some  simple  but  effectual  illustrations  that  will  enable  the  reader  to 
imderitand  subsequent  reasonings. 

One  of  the  main  &cts  deduced  from  natural-history  considenitions  of  the  distribu- 
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lion  of  n^Tttmla  tnd  vegetehlas  is  the  very  ixnpoitaxit  ona  that,  in  diflinmit  parts  of  tlie 
\roddf  under  aimilttr  conditionB  of  ezifltenoe,  ve  do  nat  find  the  same  special  indigtnous, 
but  a  gicat  variety  of  specieB  often  manifestly  framed  to  perform-  similar,  funfltions  and 
operations,  and  greatly  resembling  each  other  in  essential  fiharactera,  but  vhioh.  not 
being  identical  may  properly  be  called  analogom  or  repreteniatit^. 

There  is  hardly  a  more  important  law  of  organic  life  than  that  aooording  ta  which 
the  same  effects  are  produced  in  nature— the  same  Idndsof  countzy  occupied — tha 
same  tempsfBtaro  and  altitude  teaanted,  by  groups  which  thus  show  adaptation  by  the 
methoikbf  repfoaoEtationiand  not  of  identity. 

lUce,  fat  inatnae,  thk-^nestB  of  Bfauil,  and  let  the  animals  thare  indigem>ii&  be 
compared  widi  otfaeis  mstt.  with  in  similar  districts  of  tropical  Asia.  Each  has  itB4»nd* 
voBms  a-nimainj  itsnunUTiB,  its  bsts,  its  gnawing  animfLlg^  its  ruminating  ««^yjp^  its 
pig^ike  animals  (tapirs-aBd  hones))  and  even  its  maxsupiala  and  edentates— and  yai 
thsBB  is  abai^tely  not  oaatidentical  speeies  in  the  two  continents.  And  if  we  look  at 
thfidaolatod  hmd  of  Austcaiia,  the  isbmds  off  the  east  coast  of  Asia,  or  those  anmll  inlATt^ft 
-4Bere  specka  in  the  ocaiM-the  Gahcpfgas,  off  tho  western  ahoro  of  South  America, 
each  of  tiiase  has  its  owaTpecvliar.  fimm,  and  almost  its  own  flora.  Each  eifhihits 
rcdations  to  the  famia  .of  the  neaBast.'land,  but  it  is  by  rephwentatioUi  not  identity. 
In  the  coundBation  of  this  subjeet 'there  is,  however,  one  apparent  difB.culty,  since 
tlie  islands  BLrtfie  vicinity  o£iaanfttiMitB  soinetimeshaTe  the  same  species  of  animals  and 
vegetables  as.i2lan  of  fha  ac^iDDeBt  main-land,  while  in  other  cases— as  in  the  Galapagos 
—these  are  ae^irimilMTand  net  iiUiticaL  li  has  been  left  to  the  geokgiat  to  oq^laxA 
the  reeson  of  thi&aiBgulac-fSait. 

Th6  law  of  seprssMifltm  species  as  hitherto  considered  has  re&ranea  to  space 
generally;  and  ezitendsim  two  dxreotiomH-horizontally  and  vertically.  Itxefemalso 
not  only  to  land  STriwiiK,  but  to  those  winx^  inhabit  the  water.  In  other  words,  as  in 
r.scending  high  mountains  we  pass  through  various  temperatures,  and  even  within  the 
tropics  may  riso  to  the  level  at  which  there  is  constantly  snow  on  the  ground,  thus 
realizing  the  polar  conditions,  so  in  the  distribution  of  animals  those  found  on  tho 
}dgher  ground  exhibit  analogies  with  polar  species.  In  the  sea,  where  it  appoaia  that 
the  temperature  at  great  depths,  even  in  some  tropical  latitudes,  is  that  of  water  at  its 
greatest  density,  about  40'',  and  where,  owing  to  other  cizcumstanoes,  the  conditions 
favourable  for  the  abundant  development  of  life  exist  only  near  the  surface,  the  great 
depths,  if  tenanted  at  all,  are  tenanted  by  species  resembling  those  which  in  colder 
seas  are  found  nearer  the  surface.  Thus  we  have  marine  zones  of  similar  oiganie  con- 
dition, just  as  on  land  we  have  zones  dividing  different  botanical  and  zoological  rogums. 

IHstiilnition  in  Tinia.— Now  in  Geology  this  same  law  of  repreaentation  is 
found  to  have  been  carried  out  in  past  time,  or  in  other  words,  the  species  chazao^ 
t-oristic  of  any  geological  formation  aro  representative  in  time  as  w^  as  space  of  the 
species  now  existing.  Tho  whole  mystery  of  extinct  species  is  revealed  by  the  due 
consideration  of  this  law,  and  a  fact  perhaps  the  most  startling  of  any  of  those  taught 
by  geological  investigation,  is  thus  seen  to  bo  only  another  Hum  of  a  ^y^nditjon  of  things 
universal  upon  the  earth  at  present. 

For  what  can  be  more  striking  than  to  bo  told  that  in  ancient  times  there  existed 
on  this  earth  of  ours  races  of  beings  now  i>assed  away,  and  to  bo  taught  the  peculiari- 
ties of  sise,  form,  and  even  habit  of  animal"  and  vegetables  which  no  eye  of  man  has 
ever  seen  in  a  living  state ;  what  more  marvellous  than  this  reconstmctiofn  of  long  lost 
organic  formB — this  clothing  with  flesh  and  blood  the  dry  and  scattered  bones  of 
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8kBi0toii»*-haa  erer  been  tbonght  of  by  the  imRgination  of  man,  even  ia  its  wildest 
flq^ts:? 

And  yet  all  tins  is  now  efEectad,  and  in  the  most  satisfjEKtory  manner,  by  those 
naturalisto  irko  hara  been  contented  to  study  with  pationee  and  perseveraaee  the  worim 
and  ways  of  existing  naAure.  When,  we  find  that  she  adopts  methods  and  obeys  laws 
whickaze  nnchmgeable,  we  in  fact  only  add  one  more  to  the  innumendde  pzoo&  of  Qid» 
and  ^toB  whioh  pervade  all  the  works  of  creation.  The  extension  of  a  law  is  net 
the  adoption-  of  a  new  law ;  and  so  far  as  we  are  awBre,  no  new  method  has  be^i 
refoired  or  adopted. 

But  we  most  refiar  again  to  the  important  and  inteiesting  subject  of  anaient  OEgwo 
nfltuve,  aoxd  leam^lhe  jezten^  to  whii^  natiiralirta  hare  advanoed  in  proving  the  fiMsl 
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of  the  ancient  esdstence  of  animnla  and  vegetables  now  no  longer  met  with,  as  well  as 
the  limits  of  disooreiry,  and  the  reasons  for  arriving  at  the  conclusion  attained. 

And  here  the  main  argoment  employed  is  still  that  of  analogy,  and  the  main  proo£i 
rcit  on  the  accordance  of  the  past  with  the  present. 
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To  take  the  cases  nearest  our  own  times,  who  is  not  aware  of  the  feust  that  the  honeB 
of  the  beaver,,  the  wolf^  and  of  many  animals  now  living  in  other  parts  of  Europe  are 
constantly  met  with,  and  that  these  creatures  must,  not  long  ago,  have  inhabited  the 
British  islands?  The  progress  of  civilization  may,  it  is  said,  have  produced  this 
partial  and  local  extinction.  Let  it  be  so ;  but  what  is  the  case  with  regard  to  other 
animals,  such  as  the  great  Irish  elk  >  This  animal,  of  which  the  perfect  skdetan 
has  often  been  fotmd  in  the  bogs  of  Ireland,  cannot  have  lived  in  the  country  where  we 
find  it  without  having  been  observed,  and  yet  we  have  no  record  of  its  ezistenoe  aa  a 
living  animal.  It  is  quite  gone — ^the  last  of  its  race  has  died,  and  left  only  a  few  frag- 
ments for  us  to  put  together,  in  order  to  show  how  great  the  changes  have  been  even 
sinoe  fhe  surface  of  Ireland  and  the  Isle  of  Man  could  afford  food  and  shelter  for  these 
giant  animals.  Smaller  deer  are  still  in  the  British  islands ;  the  rein-deer  and  the  elk 
still  tread  the  frozen  plains  of  Lapland  and  the  forests  of  North  America ;  but  this  most 
gigantic  of  the  deer  tribe  is  gone,  although  not  without  leaving  sure  .marks  of  its  former 
prevalexice. 

Without  dwelling  any  further  at  present  on  these  examples,  let  us  consider  another 
also  of  great  interest,  in  which  we  have  not  merely  the  dry  skeleton,  but  the  very  flesh 
and  skin  of  an  ancient  inhabitant  of  northern  Europe. 

In  the  wild  desert  plains  of  Siberia,  close  to  the  arctic  circle,  many  miles  north 
of  the  last  traces  of  arborescent  vegetation,  and  where  perpetual  frost  binds  together 
into  a  rock  those  gravelly  heaps  which  in  England  and  northern  Europe  are  loose 
and  shingly,  there  are  found,  from  time  to  time,  the  bones  of  animals  which  once 
inhabited  that  district.  And  what  are  these  animals  ?  Are  they  the  progenitors  of  the 
wolves,  the  dogs,  the  foxes,  the  bears,  which  are  now  the  only  creatures,  except  man, 
who  disturb  such  solitudes }  Do  we  find  occasionally  a  straggler  from  the  still  more 
glacial  climates  in  the  vicinity  ?  By  no  means.  These  frt)zen  gravel  clifis  of  the  icy 
sea  are  partly  made  up  of  the  bones  of  elephants,  of  rhinoceroses,  of  hippopotamuses, 
and  of  such  like  animals,  in  incredible  abundance. 

For  very  many  years  whole  cargoes  of  ivory  have  been  brought  annually  from  these 
store-houses,  and  most  of  the  ivory  used  in  the  bcautifril  German  carvings  of  the  middle 
ages  was  derived  hence.  Here,  then,  it  would  seem  probable  these  animals  must  have 
lived,  for  their  bones  are  not  broken  or  injured  by  rolling,  and  have  certainly  not  been 
carried  far.  But  this  is  not  all,  nor  is  it,  perhaps,  the  most  extraordinary  fact  Vith 
regard  to  thU  subject,  for  it  is  not  many  years  since  the  entire  carcass  of  an  elephant 
was  obtained  from  these  clifE!,  the  fiesh  having  been  preserved  in  a  sufB.ciently  undecom- 
posed  state  to  serve  as  food  for  wild  animals,  and  a  part  of  the  akin,  hair,  and  wool— for 
this  creature  was  warmly  dad— in  such  a  state  of  preservation  that  they  were  transported 
with  the  skeleton  to  the  museum  of  St.  Petersburg.  Since  then  many  such  carcasses 
have  been  discovered,  and  for  a  few  hundred  pounds  it  is  said  that  we  might  now  bring 
to  England  an  elephant  thus  preserved— one  of  the  ancient  inhabitants  of  Northern 
Europe. 

Now,  when  we  look  at  the  carcass  of  the  animal  thus  handed  down  in  a  perfect  state, 
we  find  that  it  does  not  exactly  agree  with  any  of  those  at  present  living  on  the  globe. 
The  differences,  indeed,  arc  not  considerable,  and  are  evidently  such  as  would  fit 
the  animal  better  for  the  conditions  of  its  abode  and  climate  as  well  as  food.  There  is 
adaptation  in  every  part  of  every  skeleton,  and  the  principle  of  adaptation  of  parts  is 
that  on  which  the  comparative  anatomist  and  naturalist  must  work  to  obtain  any  general 
results  in  this  science. 
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£ach  part  of  eyery  animal  is  admirably  fitted  to  work  with  every  other  part  in 
producing  the  adaptation  of  the  whole  to  the  peculiar  neceoaity  of  the  creature.  This 
18  a  fact  well  proved  by  a  thousand  examples  daily  before  us,  and  it  is  universally 
and  minutely  true. 

Since,  then,  we  find  that  there  are  certain  animals  different  irom  the  present  inha- 
bitants, but  whose  remains  are  found  under  circumstances  which  render  it  dear  that 
they  formierly  inhabited  a  given  district ;  and  that  these  animals  are  at  present  un- 
known upon  the  earth,  the  first  step  is  gained  towards  a  knowledge  of  the  history  of  extinct 
species.  But  there  is  another  point  to  be  considered — ^the  representation  of  the  present 
races.  This  I  might  illustrate  by  reference  to  the  Irish  dk,  or  the  elephants  of  Sibe- 
ria, but  I  prefer  taking  a  more  striking  example. 

In  New  Zealand  there  exists  at  present,  although  it  is  now  rare,  a  small,  wingless 
bird — ^not  like  an  ostrich,  but  absolutely  wingless,  and  covered  with  hair.  This  animal 
is  called  the  apteryx,  and  was  the  largest  animal  found  in  New  Zealand  at  the  time  of 
its  discovery.  In  the  island  of  Mauritius  there  appears  to  have  formerly  existed  a 
curious  wingless'  animal^  about  the  size  of  a  turkey,  called  the  dodo ;  and  the  beak 
and  feet  of  this  animal,  as  well  as  a  drawing  of  it,  are  preserved  in  the  British  Museimi. 
No  living  dodo  has,  however,  been  seen  in  modem  times. 

In  the  island  of  New  Zealand  there  are  also  found,  in  the  gravel,  some  fossil 
bones  nearly  as  largo  as  the  thigh  bono  of  an  ox;  and  on  careful  examination  of 
the  bones  found  in  this  gravel,  a  number  of  species  of  wingless  birds  have  been 
formed,  which  exhibit,  in  regular  gradation,  a  series  of  animals  of  various  sizes, 
more  or  lees  Hke  the  apteryx,  all  wingless,  but  the  largest  of  them  much  more  gigantic 
than  any  ostrich.    There  is  here,  then,  a  distinct  representation  in  time. 

Um  of  FomUs  In  Geology.— We  have  next  to  consider  what  is  the  use  of  these 
fossil  remains  to  the  geologist 

It  will  have  been  seen  that  in  the  crust  of  the  earth  there  arc  a  number  of  layers,  or 
beds,  one  over  another,  and  if  these  contain  the  remains  of  animals  or  vegetables  in  any 
•abundance— if  the  remains  are  so  placed  that  they  involve  of  necessity  the  gradual  for- 
mation of  these  beds  during  successive  generations  of  animals— there  result  two  great  con- 
clusions bearing  on  geological  investigation :  first,  that  each  bed  must  have  been  formed 
separately  by  itself^  and  before  any  of  the  others  were  placed  upon  it ;  and  the  more  there 
appears  to  be  any  distinct  group  of  fossils  or  mineral  character  peculiar  to  a  bed,  the 
more  is  this  truth  made  manifest  But  it  is  also  seen,  in  the  second  place,  that  beds  thus 
formed  must  have  required  a  long  period  of  time  for  their  elaboration,  and  that,  if  this 
is  the  case,  even  with  regard  to  one  bed  of  modomte'  thickness,  it  is  stiU  more  so,  when 
we  consider  the  vast  number  and  great  thickness  of  the  beds  presented  to  our  notice. 

The  use  of  fossils,  in  geological  investigations,  is  thus  very  considerable.  They  tell 
us  of  time  elapsed,  as  well  as  mechanical  changes  effi^ted,  and  of  conditions  of  exist- 
ence of  animals  and  vegetables  difiurent  from  the  present  They  are  also,  by  their 
specific  character,  by  their  mode  of  grouping,  and  by  the  succession  obseryable  with 
regard  to  them,  characteristic  of  guologioal  formations.  They  are,  in  fact,  the  very 
hieroglyphics  of  nature,  marking  tho  condition  of  the  earth  at  the  time  and  place  of 
their  deposit ;  and  thus  they  axe  tho  true  materials  from  which  we  deduce  the  earth's 
history. 

But  fossils  are  much  more  than  mere  indicationa  of  the  history  of  the  time  to  which 
they  refer.  They  themsdves  express  the  very  language  of  nature ;  they  bear  actual, 
direct,  and  unquestionable  testimony  to  the  course  of  nature ;  and,  when  properly  con- 
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siderod,  they  exhibit  diatinct  proof  of  a  long  series  of  snccessiTe  creatioiiSi  charaoterizing 
different  epochs  in  the  earth's  progress.  Viewed  in  this  light  they  become  the  groimd- 
woit  of  correct  geological  classification,  and  every  succeasiYe  advance  in  onr  know- 
ledge of  them  proves  how  safely  and  truly  they  may  act  as  our  guide  in  this  rei^ct. 

Such  is  their  value  in  geology ;  but  the  bearing  of  this  subject  of  extinct  species  on 
natural  history  generally,  as  it  refers^to  living  fbrms,  is  no  less  real  and  no  less  impor- 
tant. Fossils  affi>rd  numerous  links  in  the  great  chain  of  organised  beings ;  they  explain 
difficulties  otherwise  inexplicable ;  they  suggest  reasons  and  causes  for  the  most  un- 
usual variations  ftom  the  ordinary  course  of  nature ;  and  they  teaoh  us  the  important 
truth,  that  throughout  all  time  there  has  been  a  perfectly  uniform  plan  pursued  in  tiie 
construction  of  the  world,  and  its  adaptation  for  successive  races  of  beings,  but  that 
this  plan  has  admitted  of  innumerable  modifications  in  the  mode  of  eaxrying  it  out, — all 
evidently  and  admirably  adapted  to  changing  circumstanoes. 

But  the  one  principle  involved  in  the  whole  subject  of  fossils— the  means  by  whioh 
we  determine  their*  nature,  and^discover  the  value  of  the  evidence  they  yield— is  still 
derived  from  the  study  of  existing  nature. 

No  new  principle  is  introduced— no  new  or  difftrent  method  discovered ;  nature  is 
still,  in  all  essential  points,  the  same,  and  has  been  tbe  same  throughout  all  time.  All 
that  we  can  know  with  certainty,  with  l^gard  to  the  past,  is  derived  from  the  study  of 
the  present,  and  we  are  confident  of  the  truth  of  the  history  [these  fossils  teach  us, 
because,  and  only  because,  that  history  does  not  involve  any  oonsiderationB  that  disturb 
the  harmony  and  the  uniformity  of  action  of  the  great  laws  of  organic  existence.  It  is 
impossible  too  earnestly  or  too  forcibly-  to  iminresa  on  the  reader  the  importance  of  this 
view  of  the  case,  for  it  is  only  by  comprehending  the  nature  of  Ihe  argument,  and  per- 
ceiving its  firm  and  sound  basis,  that  the  true  value  of  geological  conclusions  is  imder- 
stood,  and  the  standard  obtained  by  which  to  measure  them. 

The  use  of  fossils  in  geology  being  thus  limited  and  deariy  defined,  a  large  part  of 
the  science  of  palieontology,  or  the  study  of  the  old  and  now  extinct  -races  {irahtuM¥ 
oyroty  KoyoSf  an  account  of  ancient  organisms),  rererts  to  soology  and  botany,  and  ceases 
to  belong  properly  to  geology. 

Here,  as  in  various  departments,  geology  mskes  use  of  generalistttions  obtained 
from  other  sciences ;  and  the  study  and  determination  of  all  special  details  must  be 
referred  to  the  naturalist  who  pursues  that  particular  branch.  The  doubtful  mineral 
must  be  analj'zed  by  the  chemist,  or  measured  by  the  erystallographer ;  and  the  doubtfhl 
bone  or  shell  examined  by  the  comparative  anatomist,  or  the  oonohologist.  But  the 
geologist,  receiving  sound  information  from  a  sister  science,  brings  it  to  bear  on  his 
own  pursuit,  and  is  thus  enabled  to  identify  and  compare  rocks  found  in  distant 
lands,  and  also  to  understand  and  translate  the  dark  pages  of  the  earth's  history, 
written  in  organic  forms,  which  thus  represent  a  true  picture-language  peculiar  to 
his  science. 

The  question  of  classification  in  geology  is  perhaps  the  one  in  which  the  use  of 
fossils  is  most  marked,  and  it  depends  on  the  grouping  of  animals  and  the  distri- 
bution of  groups  in  epochs  as  already  alluded  to.  It  requires,  also,  that  we  should  under- 
stand the  necessity  of  a  lapse  of  time  so  large,  that  many  readers  will  think  it 
extravagant  and  unreasonable  to  accoimt  for  observed  phenomena  in  a  rational  manner. 

If,  however,  it  is  true,  as  has  been  stated,  and  is  now  well  known  by  the  most 
decisivo  proof,  that  rocks  contain,  in  such  abundancQ  as  often  to  be  entirely  constructed 
of  them,  fragments  of  animals  and  vegetables,  and  that  such  fragments  are  distributed, 
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not  in  mean  heggsj  but  as  a  oonstitiient  part  of  moont&m  maaaes,  many  thousand  feet 
thick; — if^  cm  proper  examination  and  comparison,  there  ore  found  to  bo  maxiked 
of  structure  peooliar  to  each  group ;— i:^  aJao,  the  study  of  these  Taiietics 
that,  although  oountleaa  multitudes  of  animala  and  raoes  have  lived  and  died, 
dure  has  not  been  any  eaaential  difBorence  in  plan«from  that  now  followed  with  refer- 
OMe  to  OUT  eacth  ;^— if  we  find  that  of  these  similar  yet  distinct  groups,  however 
niuiMBmis  they  may  be,  each  one  requires,  as  fiir  as  we  can  judge,  a  long  time  to  com- 
plete and  di^laee^—- then  must  we  conclude  that  the  system  of  this  world  on  which  wc 
live  is  one  not  only  of  ioeoneeiyable  magnitude  and  most  complicated  detail,  but  that 
ilB  history  runs  over  a  period  which  no  imagination  can  conceive,  but  which,  vast  and 
almost  ndthout  limit  as  it  may  appear  to  us,  is  yet  to  be  regarded  as  a  definite  and 
ptaphapB  a  small  portion  of  a  system  lazgcr,  and  still  of  more  considerable  duration. 

bnr  «f  MMiibiitloB  of  Oigiala,Boiafl;Sir-When  we  endeavour  to  &rm  a 
dialnnBk  oonoeptian  of  what  might  happen,  during  a  long  period  of  time,  by  the  con- 
tinaad  action  of  cauaes  of  ohange  ^ese  present  amount  admitau)f  any  estimate,  there 
would  aeom  no  great  difficulty  in  calculating,  by  simple  mulupUcation,  the  possible 
resnltB  that  might  be  attained.  Whan,  however,  we  introduce  into  the  problem  various 
eoMpiioationa  xnfolTed  in  consideong  the  mutual  influence  of  animals  and  plants  on 
Gteh  other  and  on  climate,  and  still  more  when  we  consider  the  inverse  problem  of  the 
laflmDoe  of  ohange  of  dimate,  without  change  of  plaoe^  on  the  various  natural  tribes, 
we  vaqoire  to  make  a  diffisrsnt  series  of  observations,  and  to  comprehend  and  i^y  dif- 
ferent methods  of  reasoning. 

The  eiEDQt  of  the  Upse  of  time  on  the  various  mces  of  animals  and  vegetables 
iahdnting  our  earth,  is  not  to  be  determined  by  any  observations,  however  minute,  of 
any  one  individual ;  and  being  mixed  up  with  and  afBeotod  by  many  influences,  pro- 
dined  by  modifications  of  climate  and  other  physical  modifinations  constantly  going  on 
aravnd  us,  this  department  of  science  was  altogether  nef^ected,  until  the  great  discovery 
was  made,  that  the  remains  of  animals  found  fossil  belonged,  for  the  most  part,  to 
unknown  species,  nearly  allied  to,  but  unquestionably  distinct  from,  those  now  existing. 
This  naturally  directed  the  close  attention  of  natundiats  to  the  determination,  as  far  as 
possible,  of  the  causes  and  conditions  of  ohange. 

The  atndy  of  the  habits  and  structure  of  existing  animals  and  vegetables,  witii 
reference  to  their  actual  adaptation  to  special  conditions,  seems  to  be  the  first  step  In 
making  out  the  question  at  issue ;  and  the  method  of  analogy  discovered  to  be  appli- 
caUe  in  recent  cases  may,  with  some  degree  of  reason,  be  applied  to  detennine  the 
amrient  succession,  if,  on  discovering  its  true  nature,  wo  perceive  that  it  is  based  on  the 
uniform  action  of  some  general  law. 

Something  of  this  has  been  already  alluded  to,  when  speaking  of  the  rcoognised 
principle  of  representation  in  existing  nature.  The  reader  need  only  be  here  reminded, 
that  in  distant  countries,  with  climates  somewhat  analogous,  and  in  important  respects 
similariy  characteriaed,  there  are  plants  and  «^ttym^V  nearly  allied  to  one  another,  but 
not  i*l«>n^u*ft1^  although  perfonning  the  same  part  in  nature ;  whilst  under  other  cir- 
cnnstanoes  there  are  resemblances  in  appearance,  and  in  some  important  general 
Ghanotera,  without  any  distinct  alliance  or  affinity. 

It  was  also  mentioned  that  this  law  of  distribution,  as  far  as  it  can  be  determined, 
is  equally  applicable  in  vertical  and  horisontal  space ;  in  other  words  that  height  above 
or  depth  below  the  general  level  of  the  sea,  as  it  is  accompanied  by  a  change  in  climatal 
condition,  and  a  diminution  of  mean  temperature,  is  also  characterized  by  a  change 
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of  inhabitants  resembling  that  observed  in  coimtries  having  a  diffeorent  and  a  higher 
hititude,  or  in  colder  seas. 

In  order  to  understand  fully  the  conditions  on  which  depend  the  prevailing  character 
of  the  flora  and  fiiuna  of  a  spot— or,  in  other  words,  of  the  races  of  vegetables  and 
ftTiiniftla  found  there,  we  must  teke  into  account  all  the  circumstances  that  afiect  these 
organic  bodies.  It  is  not  alone  the  cUmate  that  affects  them — far  less  is  it  the  mere 
temperature.  The  distribution  of  the  temperature,  the  degree  and  distribution  of 
moisture,  the  quantity  and  distribution  of  light,  heat  and  air,  the  nature  of  the  soil, 
the  form  of  the  land,  and  a  ihousand  other  conditions,  all  have  influence ;  and  it  is  also 
well  made  out,  that  in  many  cases  when  a  change  takes  place  with  regard  to  one 
important  species  of  animal  or  vegetable,  the  whole  condition  is  altered.  In  applying 
our  knowledge  of  recent  natural  history  to  the  past,  it  may  be  said,  as  a  preliminary 
remark,  that  ^*  the  definite  notions  which  we  may  attain,  concerning  the  general  plan  of 
creation  by  the  study  of  fossils,  are  only  valuable  so  &r  as  they  can  bear  comparison 
with  observations  coi^ceming  existing  nature  and  the  present  condition  and  relations  of 
organic  and  inorganic  matter."*  It  is  in  canying  out  this  view,  and  in  connecting  the 
present  course  of  nature  with  the  past  as  determined  by  important  existing  records  of 
species  now  extinct,  that  we  are  able  to  discover  the  nature  of  that  system  of  represen- 
tation and  apparent  succession  which  appears  to  afford  the  only  key  for  the  solution  of 
the  innumerable  difficulties  presented  in  investigating  the  relations  of  species,  some  of 
which  arc  nearly  allied  to  each  other,  but  not  analogous— others  strictly  analogous,  but 
having  no  affinity. 

Looking  around  xis  at  the  aninialfl  and  vegetables  now  occupying  the  Umd  and  waters 
in  the  eastern  portion  of  the  northern  hemisphere,  and  comparing  these  with  the 
inhabitants  of  the  corresponding  parts  of  America,  this  principle  of  adaptation  may  be 
in  some  degree  appreciated  by  evciy  one.  But  we  must  Icam  much  more  than  is 
known  at  present  concerning  the  powers  of  endurance  and  adaptation  of  different  races, 
before  we  can  positively  assert  the  extent  of  change  that  would  be  produced  by  any 
slow  but  important  modification  of  climate. 

A  knowledge  of  the  differences  observable  in  the  inhabitants  of  distant  spots  will 
assist  in  this  investigation ;  and  wc  may.'pcrhaps  conclude  that,  whatever  the  law  of 
analogy  may  prove  to  be  at  present,  the  safest  and  best  course  must  involve  the  hypo- 
thetical application  of  the  same  principle  to  the  geological  problem,  before  any  other 
theory  can  be  admitted  as  worthy  of  consideration. 

If  we  take  a  limited  district,  characterized  now  by  certain  botanical  and  zoological 
peculiarities,  and  apparently  the  centre  or  metropolis  of  certain  species  which  are  there 
presented  in  their  most  typical  form,  there  may  exist  immediately  beneath,  if  not 
actually  upon  the  surface,  remains  of  vegetables  and  RTiimnV  presenting  on  the  whole 
a  different  aspect— remains,  too,  which  we  can  discover  to  have  been  the  inhabitants  of 
the  district  at  some  immediately  antecedent  period.  We  may  find  very  nearly  the 
same  diffbrence,  if  we  compare  this  district  with  some  other  at  a  distance,  or  with  one  in 
which  the  conditions  of  temperature  are  widely  different,  in  consequence  of  the  land 
being  at  a  higher  level  above  the  sea,  although  in  the  same  latitude.  And  this  is 
what  is  meant,  when  we  say  that  the  various  races  of  animals  and  vegetables  have  been 
distributed  in  time  as  they  are  distributed  now  in  space — changes  arising  horn  lapse 
of  time  producing  results  in  reference  to  representative  species,  similar  to  those  effected  by 
the  introduction  of  races  adapted  to  similar  conditions,  but  situated  in  distant  regions. 
•  Ansted's  "  Ancient  World." 
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Iaw  of  DeTelopment. — It  has  been  long  a  subject  of  speculation  among 
naturalists,  how  tar  the  modifications,  by  which  different  species  of  ftnimftla  seem  to  be 
derived  one  from  another  (those  of  more  complicated  organization  being  elaborated  in 
course  of  time  from  more  simple  forms),  may  be  really  the  result  of  some  natural  law 
of  development,  and  not  due  to  successive  creations,  each  requiring  the  exertion  of  a 
special  interference  of  the  Author  of  nature.  Without  at  all  entering  on  a  discussion  of 
this  question  in  the  abstract,  which  would  here  be  out  of  place,  it  yet  fedls  within  the 
proper  limits  of  our  subject  to  make  a  few  remarks  relative  to  this  question. 

The  argument  is  thus  briefly  stated.  That  since  it  appears,  from  what  we  know  of 
natural  history  in  general,  that  the  whole  number  of  varieties  of  form  observable  in 
nature  pass  into  and  from  one  another  by  gradations  always  very  close  and  sometimes 
obscure  and  hardly  traceable;  since,  also,  many  modifications  of  specific  form  are 
undoubtedly  produced  by  time  and  by  long  exposure  to  special  modifying  conditions ; 
and  since  there  is  a  general  parallelism  and  resemblance  traceable  in  different  groups 
throughout  nature ;  therefore  it  is  probable  that  according  to  some  law,  of  which  at 
present  we  know  nothing  more  than  these  supposed  effects,  species  are  capable  of  occa- 
sionally producing,  by  the  ordinary  means  of  succession,  other  species  differently 
organized,  which,  once  established,  occupy  new  ground,  and  become  themselves  the 
starting  x>oint  for  new  changes. 

Now,  so  fSEu*  as  geology  is  a  guide  in  teaching  us  the  law  of  succession  of  species, 
tMs  idea  is  entirely  unsupported,  and  it  would  seem  to  derive  as  little  assistance  from 
the  minute  study  of  existing  nature. 

It  is  indeed  true  that  in  general  the  order  of  succession  in  time  has  been  from,  the 
less  to  the  more  perfect!^  organized  groups,  so  that  in  the  earliest  periods  of  the 
earth's  history  the  seas  were  inhabited  chiefly  or  only  by  invertebrated  animals,  and 
afterwards  by  fishes.  We  have  no  right  to  assume,  however,  the  total  absence  of 
reptiles  and  mammals  at  these  early  periods, 
for  we  have  no  positive  evidence  on  the 
subject,  and  the  negative  evidence  is  very 
imperfect.  And  with  respect  to  the  inver- 
tebrata  and  fishes,  it  is  by  no  means  the' case 
that  those  least  perfectly  organized  were  the 
first  introduced.  So  fiir  indeed  is  it  from  being 
60,  that  amongthe  earliest  known  of  all  created 
beings  occur  species  referred  to  the  most  higlily 
organized  group  of  invertebrated  animals,tho6e 
resembling  the  cuttle  fish  of  the  present  day ; 
whilst  amongst  the  articulated  animals.are  tiiie 
trilobites,  provided  with  eyes  as  perfectly  and 
beautifully  organized  as  those  of  the  dragon 
fly.  At  the  earliest  introduction  of  fishes  wo 
find  the  voracious  and  highly  organized  tribe 
of  sharks  fully  represented ;  and  another  tribe, 
more  nearly  approaching  the  reptiles,  was 
then  &r  more  abundant  than  at  any  subsequent  period,  and  is  now  extremely  rare. 

To  sum  up  this  subject  in  a  few  words,  it  is  only  needful  to  recount  some  of  the 
principal  indications  of  change  at  present  proved  with  regard  to  the  condition  of  the 
earth's  surface,  and  the  animal  inhabitants  and  plants  found  in  different  parts  thereof. 
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r%  It  appean  tlmt  not  only  are  there  proofs  sufficiently  distinct,  tlut  Hib  whole  £m»  of 
the  earth  is  gradually  undergoing  change ;  that  the  hills  are  heing  ground  down  and 
reduced  to  a  lower  lerel ;  the  coast  lines  altered ;  extensiye  tracts  of  land  elevated  in 
one  district  and  depressed  in  another ;  but  also  that  the  inhabitants  of  the^land  arc  like- 
wise undergoing  change  corresponding,  it  may  be,  with  the  modifications  of  the  land 
and  sea-bottom ;  but  stiU,  no  doubt,  govcmed  by  independent  laws,  and  producing 
most  important  results. 

For  what  do  we  find  ?  At  no  distant  period,  even  ia  our  own  island,  there  was  a 
country  partly  covered  by  thick  forests,  partly  abotmding  in  caverns,  affording  shelter 
to  wild  animals,  and  tenanted  by  the  lion,  the  bear,  the  wolf,  and  the  hyssna ;  while  an 
elephant,  two  species  of  rhinoceros,  many  cervine  animals,  and  amongst  them  the  rein- 
deer, and  another  species  of  deer,  gigantic  in  size,  and  witli  horns  expanded  in  still 
grander  proportions,  together  with  the  wild  urus,  now  confined  to  the  forests  of  Tlaatem 
Europe,  and  many  other  ruminating  animals,  peopled  the  plains,  and  wandered  at  liberty 
through  the  country.  In  the  rivers,  also,  wore  then  found  the  hippopotamus  and  the 
beaver,  associated  with  the  otter,  which  still  remains.  Here,  indeed,  is  a  condition  of 
.  things  singularly  unlike  that  which  now  exists,  and  we  may  suppose  it  unequalled 
elsewhere.  But  such  is  not  the  case.  At  about  the  same  time,  and  therefore  very 
recently,  compared  with  the  distant  periods  which  wc  shall  have  to  consider  in  con- 
tiQuing  our  investigations,  the  country  which  is  now  India  was  peopled  likewise  by  a 
group  of  flnimalR  difibrent  from  the  present  races. 

In  South  America  the  tribe,  of  which  the  sloth,  the  aimadillo,  and  the  ant-eater  are 

aU  that  now  remain,  was  then  represented  by  the  megatherium,  the  glyptodon,  and  others. 

In  Australia  were  gigantic  kangaroos ;   in  New  Zealand  dually  gigantic  wingleaa 

birds ;  and  probably  in  other  parts  of  the  world  similar  strange  modifications.     And 

these  are  the  first  steps  in  passing  from  the  present  to  the  past.    These  steps  axe 

',  so  clearly  marked,  they  belong  to  a  period  comparatively  so  modcni,  yet  at  the  same 

>  time  they  involve  changes  so  considerable,  that  it  seems  almost  equally  difficult  to 

'  admit  the  .canolusionB  which  immediately  result,  or  to  question  fiicts  so  exoeedin^y 

!  Tnanifeat    Aad  yet  these,  strange  as  they  are  and  difficult  to  comprehend,  are  yet  only 

the fimfeandthe  simplest  steps  in  geology.    Once  launched  into  the  science,  and  when 

we  hinre  laBmed  to  contemplate  it  in  its  simplicity  and  grandeur,  as  the  history  of 

natuattfcnni^  b(^;inning  of  the  existence  of  matter  and  lifa,  we  soon  find  that  .these 

changes,  Imwiyver  gxsot,  are  but  the  last  of  a  very  long  series,  each  in  its  turn  involving 

the  iotroduataan,  the  arriving  at  matority,  and  the  gradual  but  sure  decay  of  whole 

I  groQ|>s   of  animals   and   vegetables,   no  doubt   perfectly  adapted  to   the   ciicum- 

,  stances  in  which  they  were  placed — each  the  record,  the  hieroglyphic,  marking  one 

\  chapter  of  the  history ;  and  what  is  most  marveUous  of  all,  each  handed  down,  in  spite 

of  all  change,  to  communicate  this  history  by  legends  admitting  of  no  misconstructioii, 

•  and  capable  of  being  fuUy  comprehended  and  translated  into  his  own  language  by  the 

;  intellect  of  man. 

Classification  of  the  Stratified  ItockB.— Making  use  of  fossils  in  the  manner 
above  indicated,  and  bringing  together  the  facts  observed  in  various  parts  of  different 
countries  throughout  the  world,  we  find  that  the  stratified  rocks  admit  of  being  grouped, 
.  first,  into  three  weU-marked  scries,  separated  from  one  another  by  very  remarkable 
nataial-history  peculiaritios,  and,  afterwards,  that  each  of  these  three  is  capable  of  sub- 
division,  very  distinct  in  partioular  countries  and  localities,  but  not  so  easily  notioed, 
when  we  camporetogether  the  geology  of  places  widely  removed  in  distaaoe,  wiietiiQr 
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of  latitude  or  longitodQ.  The  tliree  prinaipal  gzoups  of  rodu  aro  now  commonly  spoken 
of  as — 1.  the  PAi.iBOzoic,  or  older  groap ;  2.  the  Sbcondakt,  or  middle  group ;  and 
3.  the  Tbbtiabt,  or  newer  group.  Other  names  are  oocasionally  used  by  geologists, 
both  of  this  and  other  countzies ;  but  it  is  unnecessary  to  detain  the  reader  with  any 
aeeouat  of  them  in  this  place.  The  French  and  Belgian  geologists,  and  sometimes 
others,  admit  of  a  fourth  division,  to  include  more  recent  rocks  than  the  third  group ; 
hut  this  also  seems  imnecessary. 

TABLE  OF  CLASSIFICATION  OF  ROCKS. 

I.~TBBTZAJIT  SPOCH. 

Stgur/Mai  Depotits. — Raised  beaches — ^peat  bogs— submerged  farests — ^mud  deposits 
in  caverns— shell  marls  and  modem  deltas. 

Upper  Tertiary. — ^Gravel  beds— Till — mammaliferous  crag  of  Norfolk— red  crag— upper 
limestones  of  Sicily — subapennine  beds— loess  of  the  Rhino  vaUey — hiown-eoal  of 
Germany— uppermost  fossiliferous  beds  of  Northern  India  (Kunkur,  &c.).  South 
America,  Australia,  and  other  countries. 

XidtBe  Tertiary. — Coralline  crag— upper  molasse  of  Switcerland— ong  clifii  of  the  Loire 
and  Garonne— tertiaries  of  Vienna— numerous  beds  in  India  and  America. 

Lawir  Tertiary. — ^London  and  Hampshire  clays  and  sands — Isle  of  Wight  beds — beds 
of  the  Paris  basin  and  Brussels— lower  molasse  of  Switserland— lower  beds  of 
Sewafik  Hills,  India — ^nnmmulite  and  other  Hmostones  of  the  Eastom  Mediter- 
ranean. 

II.— SECONDABY  EPOCH. 

,    DpperiSeeMiaay^  .at  OhrtMWMt -Struts.— 1.  Chalk  of  England,  France,  Belgium,  and 
Mi^Ua  of  Italy— 2.  Lower  chalk  and  chalk  marl,  guadenandstem  of 
Upper  gieensand  or  fircstone — 4.  Gaulfr*-^.  Lower  greensand  or 


.  Whaldm  8$nm,'^l.  Weald  cUy--2.  Hastings  snid^-^.  Porbeck 
beds. 

h.  (MmOf  or  Jmramie  Serist.—l,  Pditknd  beds,  and  Udiogtaphic  beds 
of  Bavniar— 2.  Eimmcridge  clay— 8.  Coral  rag,  and  nerinsan 
limestone — i.  Oxford  day— 5.  Comhrttd^  Forest  marble,  Brad- 
ford  day — 6.   Great  oolite,  Stonesfldd  skte,  Fuller's  easlh— 
7.  In&rior  or  Bath  oolite. 
c.  LioMaio  SiHsa.  — 1.  Alum  shale(-2.  Mailstim»'-d.  Lower  lias 
sfaalei. 
loteerSeeamlary^  or  SMamio  SeH«B.-^l.  l^qper  new  red  sandstone,  konper  or  variegated 
mnis— 2.  Mmdielkalk  (absent  m  IBngland) — 3.  Vaidcgated  sandstones,  Bunter 
Bimdstnfn,  or  gies  bigan^. 

m.— PALJEOZOIC  EPOCH. 

rpper  Talaasoie,  or  Permian  Series.— I.  Magnesian  limestone— 2.  Lower  new  red 
sandstone. 

Otrbtmi/erout  Series. — 1.  Coal  measures— 2.  Millstone  grit— 3.  Carboniferous,  or  moun- 
tain limestone. 

Devmtitmy  or  (Hd  Sed  Sandstone  Series. 

SSttriam^  Series.^^l.  Upper  Silurian  (Ludlow  and  Wenlock  groups)— 2.  Ix)Wer  Silurian 
(Caradoc  sandstone  and  Cambrian  rocks). 
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SILURIAN   ROCKS  AND  FOSSILS. 


The  subdivisions  will  be  referred  to  in  some  detail  in  the  following  pages ;  and  at 
present  they  are  merely  given  in  a  tabular  form  for  the  conTenience  of  reference.  In 
the  foregoing  table  the  newer  or  more  recently  formed  beds  are  placed  first ;  but  it  will 
be  convenient  to  begin  the  description  with  those  of  oldest  date,  thus  tracing  the 
earth's  history  from  its  commencement,  and  passing  on  by  successive  steps  to  those 
rocks  of  more  recent  time. 


PAUBOZOIC  EPOCH. 

Lowex  Slluzlan  &oc1lb  and  Fossils.— Reposing  on  crystalline  or  metamorphic 
rocks,  in  which  no  fossil  remains  have  yet  been  found,  there  have  been  traced  in  Wales, 
Cumberland,  the  south  of  Scotland,  and  various  parts  of  Ireland,  in  the  west  of  France, 
the  north-west  of  Spain,  the  islands  and  shores  of  the  Baltic,  in  Bohemia,  in  the  Hartz, 
in  many  parts  of  eastern  North  America,  on  the  w^rtem  side  and  plateaux  of  the 
Bolivian  Andes,  in  Brazil,  in  South  Africa,  and  in  Australia  (?),  a  series  of  rocks,  more 
or  less  altered,  belonging  to  the  lowest  fossiliferous  series,  uid  containing  fossils  all 
sufficiently  similar  to  justify  their  being  referred  to  the  same  period.  The  deposits  are 
chiefly  sandstones,  but  include  extensive  ranges  of  slate  and  some  bands  of  limestone, 
both  thick  and  widely  spread,  though  small  in  proportion  to  other  rocks.  The  Caradoc 
sands  and  Llandeilo  flags  of  Wales,  the  schists  and  psammites  of  Franco  and  Belgium, 
the  Woolhope  and  Horderley  limestones,  Trenton  limestones,  Potsdam  sandstones,  and 
Angers  slates,  are  all  well  known  and  strongly  marked  deposits  of  this  period.     They 


{NereiUt  MmbruMit.) 


{Paradoxidet  spmvlosut.) 


TOaSlL  WOSM  AMD  TBILOBITK  FROX  LOWES  8ILVKIAX  KOCKS. 

show  a  total  thickness  varying  from  a  few  hundred  to  as  much  as  four  thousand  yards 
(as  measured  in  Bohemia  by  Monsieur  Barraude) ;  and  though  often  much  altered, 
present  many  localities  where  they  appear  to  have  undergone  but  little  change  since 
their  first  deposition  and  hardening. 
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Among  the  foeal  lemains  foimd  in  these  ancient  rocks,  which  have  generallj  been 
regazded  (though  perhaps  withoat  sufficient  reason)  as  those  first  formed  under  ciroum- 
stanoes  fiarourahle  to  organic  existence,  may  be  mentioned  small  fishes  of  the  shark 
tribe,  seyeral  genera  of  the  remarkable  group  of  trilobites,  some  worms,  some  sea-weeds, 
a  number  of  chambered  shells  resembling  that  of  the  nautilus,  several  uniyalye  and 
biralTe  sheila,  seTeral  echinoderms  (star-fishes,  &c.))  and  sereral  of  the  two  principal 
groups  of  coral  animals.  Up  to  the  present  time  the  other  kinds  of  fishes,  and  all 
quadrupeds,  birds,  and  reptiles,  and  a  large  proportion  of  the  best  known  and  most 
abundantlj  represented  generic  forms  of  the  inrcrtebrated  animals  have  not  been 
detected. 

The  trilobites  were  singular  crustacean  animals  living  in  the  ancient  seas  in 
great  number,  and  capable,  it  would  seem,  of  either  floating  with  their  backs  down- 
wards from  the  surface  of  shallow  water,  or  burying  themselves  in  mud  at  the 
bottom.  Some  remarkable  forms  of  them  (Faradoxidei)  were  apparently  very  com- 
mon, and  arc  widely  distributed.  Among  the  more  interesting  of  the  fossils  are 
markings  on  sandstone,  showing  the  existence  of  marine  worms  {Nereites  cambriennsjy 
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such  as  those  still  seen  on  a  sea-shore.  There  is  another  fossil  of  a  singular 
structure  {EemicosmiUs)  which  appears  to  exhibit  the  earliest  form  of  those  radiated 
animals  which  have  since  been  largely  developed  imdcr  every  variety  of  shape,  and 
are  atill  represented  on  our  coasts  by  the  sea-egg,  Boa-urchin,  &c.  Lastly,  the  repre- 
sentatives of  the  nautilus  {Lituiles)  and  cuttle-fish  exhibit  some  peculiarities  of  form, 
and  though  not  so  plentiful  as  in  after  times,  are  still  very  common  in  certain 
localities. 

Many  very  extensive  tracts,  occupied  with  Lower  Silurian  rocks,  have  hitherto 
yielded  no  fossils  whatever ;  in  other  cases  organic  remains  are  extremely  rare,  but 
there  are  many  districts  where  they  are  very  abundant  In  the  former  case  the  deposits 
may  have  taken  place  in  deep  water,  and  in  the  latter  near  shore ;  and  there  is  nothing 
to  prove  that  the  seas  were  much  more  extensive  then  than  they  are  now,  although  it 
is  not  improbable  that  they  extended  in  very  different  directions. ' 

The  modifications  and  metamorphoses  of  Lower  Silurian  rocks  are  often  very  con- 
siderable, days  having  been  converted  into  slates,  limestones  into  marble,  and  sands 
mto  quartz  rock.     In  the  crevices  are  numerous  veins,  often  containing  metals,  and  not 
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unfrequentLj  admixtures  of  metallic  solphineti,  coTifimng  a  maiked  propectian  of 
gold. 

Vppev  SIlwilMi  Xockfl  and  EVmoUs.— A  very  important  band  of  limcstonei 
and  shaleS;  belonging  to  this  part  of  the  series,  was  fint  described  by  Sir  Bodoick 
Murchison  as  occurring  in  Wales  and  Shropshire,  and  formed  the  basis  of  a  deeeriiK 
tion,  which  has  since  been  referred  to  as  the  starting-point  in  the  geology  of  the 
old  rocks.    The  subdivisions  there  observed  are  as  follow : — 

1.  Tilestone. 

C  Upper  Ludlow  shale, 

2.  Ludlow  group,   <  Aymestry  limestone, 

(  Lower  Ludlow  shale. 

1  "w«^i^v f  "Wenlock  or  Dudley  limestone, 

3.  -n  cnlock  group,  J  ^^^^^  ^  p^^^^  ^ ^^ 

Of  these  beds  the  limestones  arc  loaded  with  clayey  matter,  and  the  shales  are  often 
very  calcareous,  so  that  the  whole  may  be  regarded  as  an  impure  mud  deposit  which   , 
has  since  undergone   a  change.     "Wlicrever  it  has  happened,  from  any  cause,  that 
numerous  shells  or  corals  have  existed,  these  have  perhaps  originally  mixed  with  the 
clay  and  mud,  and  since  then,  by  a  process  of  scgregration,  isalcareous  bands  have  been   | 
formed. 

Elsewhere  this  condition  <ifithe  sea  was  greatly  diftrent.  Thus,  in  'WeBtBU>relBnd 
and  Laaeashire,  beds  of  8imjiiBr*agc  consiat  of  impure  sandstones,  whfle  on  1^  -shores 
and  iaUinds  of  the  Baltic,  and  in  Canada,  blno  limestonos  of  conBideeablepnrft9''prefVBil. 
A  band  of  tipper  Slhvian  rook  also  tfaversos  the  Urab,  and  extends  paraSilto  the 
ABoghHny  chain  in  North  J^loerioa.     In  the  latter  case  it  contaioB  salt  beds. 

Besides  those  principal  developmaniB,  t^iper  Silurian  rooks  oocm:  in  %am,  fVsaififi» 
Holland,  and  Germany — the  Bbhomian  dopoeits  being  cspcdally  remaricable  o&d  inttr- 
esting.  ^mjlar  strata  have  been  tcaoed  in  South  America,  Soutih  Afinca,  and  Sonlii- 
Eastern  Australia. 

The  characteristic  fossils  hitherto  found  in  Upper  Silurian  rocks  are  numerous 
and  varied.  They  include  several  trilobites  {Calymene  is  a  genus  especially  remarkable}, 
some  singular  corals  {CyathophyUum),  and  several  highly-interesting  radiated  animaU 
{jSffpanthoerinites  and  DiiMreerinitet),  besides  univalve  and  bivalve  shells  (Linytda, 
Orthia^  Pentamerwi),  in  great  variety.  A  group  of  these  fossils  is  given  in  the  following 
page.  The  trilobites  (Calfntdne)  are  large,  fine,  and  numerous ;  the  shells,  also,  of  large 
siae,  and  well-marked  forms ;  and  theso,  as  well  as  the  encrinites,  are  widely  distributed  in 
similar  if  not  identical  species,  occurring  in  England,  Russia,  and  North  America. 

The  remains  of  fishes  are  rare  in  most  of  the  Silurian  rocks,  but  have  been  discovered 
in  some  districts  in  considerable  quantity.  Thus,  at  Ludlow,  is  a  fish-bone  bed  of  this 
period ;  and  elsewhere,  no  doubt,  similar  local  deposits  will  be  found. 

No  indications  of  the  existence  of  reptiles  have  yet  been  met  with  in  rocks  of  the 
Silurian  age ;  but  this  is  no  proof  that  such  remains  may  not  hcreafier  be  found. 

Reverting  to  what  has  been  said  of  the  mechanical  as  well  as  chftmical  con- 
dition of  stratified  rodcs  containing  no  fossils  and  often  greatly  altered,  and  also  of 
those  unstratificd  rocks  beneath  or  otherwise  in  contact  with  them,  we  may  now 
endeavour  to  picture  to  ourselves  the  earliest  state  of  the  earth,  as  fsr  as  it  is  revealed 
by  observation,  and  by  the  fragments  of  organic  life  that  lutve  escaped  the  nnmeroiis 
chances  of  destmctiim. 
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Judging  partly  from  the  general  appearance  of  the  yariooB  bodies  of  the  solar 
system  and  from  astronomical  considerations,  and  partly  from  the  appearances  pre- 
sented by  the  rarious  rocks  at  and  near  the  earth's  surfiiee,  it  is  supposed  that  at  a  very 
early  period  of  its  history  our  globe  may  haye  existed  as  an  intensely  heated  body,  in 
a  fluid  or  molten  state,  and  that  it  gradually  cooled  at  the  suifGuse,  perhaps  by  exposure 
in  space,  contracting  in  dimensions  as  it  cooled  and  hardened.  In  this  manner,  it  may- 
be, a  succession  of  thin  solid  films  or  crusts  were  formed ;  each  one,  as  soon  as  formed, 
beginning  to  shrink  and  crack,  until  at  length,  after  a  number  of  such  broken  crusts 
had  been  produced,  a  certain  balance  was  attained  between  the  thickness  of  the  crusty 
the  rate  of  cooling,  and  the  amount  of  internal  heat.  This  would  not  hare  taken  place 
until  the  production  of  a  rough,  uneven  surface,  haying  many  eleyations  and  depres- 
sions, nor  until  the  temperature  had  been  sufficiently  reduced  to  allow  of  an  atmosphere, 
and  permit  the  permanent  presence  of  water  reposing  in  the  hollows,  and  forming  seas 
and  oceans.  Until  the  time  when  water  could  exist,  without  being  conyerted  into 
steam,  wo  cannot  imagine  the  possibility  of  any  organic  beings  existing  either  upon  or 
beneath  the  surface,  although  at  any  temperature,  below  that  of  boiling  water,  both 
vegetable  and  animal  life  is  possible,  even  under  the  limitations  with  which  we  are 
familiar. 

Thus,  then,  according  to  this  view,  the  first  period  of  the  existence  of  the  earth,  as 
a  planet,  was  marked  by  a  chaotic  state  of  igneous  fusion,  and  characterized  by  frequent 
disturbances  of  the  surface,  the  effect  of  contraction  during  the  cooling  of  the  successive 
films  or  pasty  crusts  of  oxidized  and  half  solidified  rock.  As  soon,  also,  as  water 
was  present,  we  may  suppose  that  its  action  would  be  exerted  in  grinding  down,  and 
depositing  in  a  mechanical  form,  the  detritus  of  the  older  and  igneous  rocks ;  and  in  this 
way  we  seem  best  able  to  account  for  the  nearly  uniform  character  of  the  ancient 
granitic  rocks,  and  those  most  directly  associated  with  them  in  various  distant  parts  of 
the  globe. 

In  the  mechanical  rocks  derived  from  the  early  granites,  we  have,  therefore,  a  second 
epoch  of  the  earth's  history  still  unmarked  by  life,  although  apparently  somewhat  better 
fitted  for  sustaining  it.  At  this  time  the  earth  was  no  longer  a  mere  chaotic  mass  of 
cracked  and  burnt  rock;  but  there  existed,  superimposed  upon  that  mass,  extensive  and 
thick  layers  of  material,  which,  although  derived  from  granites,  contained  most  of  those 
elements,  both  gaseous  and  solid,  by  certain  new  combinations  of  which  animals  and 
vegetables,  when  once  endowed  with  life,  are  enabled  to  perform  their  functions,  and 
render  inanimate  matter  available  for  all  the  purposes  of  living  beings  of  higher 
organization. 

One  of  the  'most  remarkable  facts,  with  regard  to  these  ancient  deposited  rocks,  is 
their  extraordinary  thickness  in  some  districts,  and  the  broad  tracts  over  which  they  are 
occasionally  spread.  It  is  not,  indeed,  very  difficult  to  see  why,  when  the  granite  and 
granitic  rocks  were  newly  formed,  and  presented  a  multitude  of  recently  fractured 
edges  in  every  direction,  the  pounding  action  of  moving  water,  perhaps  at  a  high  tem- 
perature, might  not  grind  down  the  exposed  surface  with  extreme  rapidity,  and  filling 
up  the  hollows  and  depressions,  produce  extensive  deposits.  But  we  can  hardly  suppose 
the  existence  of  depressions  so  considerable  as  the  actual  thickness  of  these  altered 
rocks  would  require,  and  it  is  more  reasonable  to  assume  that  during,  and  in  conse- 
quence of,  the  gradual  cooling,  the  contraction  of  the  crust  would  produce  puckering 
and  wave-like  plications  of  the  surface,  alternately  elevating  and  depressing  particTilar 
districts,  and  occasionally,  perhaps,  producing  a  suooession  of  elevations  or  depressions 
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on  the  same  spot.  Whether  this  were  so  or  not,  it  is  at  any  rate  prohable  that  these  old 
sedimentary  masses  may  have  been  exposed  to  the  action  of  long-continued  heat  in 
many  oases,  so  that  they  have  become  actually  crystalline ;  and  they  have  also  been 
often  crackod  ^nd  broken  into  fragments,  the  cracks  being  ifilled  with  rooks  of  a  different 
land.  In  addition  to  these,  there  have  been  produced  a  vast  number  of  other  changes ; 
some  of  them,  it  would  seem,  involying  a  considerable  lirpse  of  time,  others  vast 
mechanical  fbrce,  and  others  again  great  chemical  action,  connected  with  an  important 
deydopim^t  of  electrical  and  polar  forces. 

These  lowest  and  oldest  of  the  sedimentary  strata,  whose  antiquity  is  in  many 
places  unquestionable,  which  repose  on  the  bare  skeleton — ^the  rocky  framework  of  the 
earth — ^thus  occupy  a  fixed,  a  prominent,  and  an  important  place  among  the  rocks  of 
which  the  earth's  crust  is  made  up.  They  also  mark  a  strange  and  dark  passage  from 
that  state  which  has  been  mentioned  as  chaotic  to  a  condition  of  regular  and  quiet 
deposit ;  they  are,  howeyer,  so  far  as  we  can  teU,  and  with  reference  to  other  rudi- 
mentary ro<^  aeoie  (lifeless) ;  but  they  form  a  class  almost  as  widely  spread,  and  as 
distinctly  uniyersal,  as  the  granitic  rocks  themselyes. 

We  suppose,  therefore,  that  at  the  end  of  the  first  great  period  of  the  earth's  history, 
it  existed  as  a  globe,  perhaps  of  somewhat  larger  dimensions  than  it  is  at  present,  but 
still  pardy  coycred  by  water,  and  surrounded  by  an  atmosphere.  Of  the  land  that  rose 
aboye  the  surface  of  the  water,  some  portion  eyen  then  exhibited  a  distinctly  stratified 
appearance,  and  the  thick  masses  of  strata  rested  on  huge  bosses  and  peaks  of  granitic 
rock  newly  forced  up  by  constant  heayings  of  the  liquid  fire  beneath.  On  their  surfiice, 
howeyer,  all  was  then  bare  and  desolate— not  a  moss,  not  a  Uchen  coyered  the  naked 
framework  of  the  globe ;  not  a  sea-weed  floated  on  the  broad  ocean ;  not  an  animalcule 
was  present  in  the  whole  of  the  wide  expanse— all  was  still,  with  the  stillness  of  absolute 
death.  The  earth  was  prepared,  and  the  flat  of  the  Creator  had  gone  forth ;  but  there  was 
as  yet  no  inhabitant,  and  no  form  of  life  had  been  introduced  to  perform  its  part  in  the 
great  mystery  of  creation. 

There  was,  howeyer,  we  may  be  assured,  no  long  interyal  between  the  moment  when 
organic  life  could  exist,  and  that  in  which  yaiious  tribes  were  introduced,  adapted  to  the 
peculiar  conditions  of  the  land  and  water.  The  early  Silurian  animals  already  alluded 
to  were,  it  is  supposed,  among  the  first,  if  not  the  yery  first  created ;  and  among  the 
groups  already  known,  we  find  that  tribes  exhibiting  the  lower  degrees  of  organization 
generally  preponderate  so  far  as  to  be  really  characteristic.  Thus,  for  example,  in  the 
lower  Silurian  rocks  are  described  some  fucoids  or  sea^weeds,  not  a  few  plant-like 
animals,  scarcely  remoyed  from  the  sea-weeds  in  point  of  organization,  a  few  coraUines, 
and  some  stony  corals,  together  with  a  yast  multitude  of  encrinites,  or  stone-lilies,  and  a 
few  straggling  star-fishes.  The  present  crustaceans  (crabs  and  lobsters)  wore  represented 
by  the  trilobite,  the  pretty  sea-dieUs  found  on  our  coasts  by  the  sluggish  terebratulse, 
and  the  most  yoracious  of  the  fishes  by  the  nautilus  and  cuttie-fish,  or  at  least  by 
nearly  allied  fttiimftla  of  this  kind,  some  of  them  of  yery  large  size.  The  genera  now 
oommon  were  then  rare— some  of  those  now  rare,  were  then  common ;  but  most  of  the 
generic  forms,  and  all,  without  exception,  of  the  species,  resembled  existing  animals 
only  by  analogy.  Quite  at  the  close  of  the  period,  and  not  till  some  thirty  or  forty 
thousand  feet  of  strata  had  been  deposited  in  one  spot,  a  few  fishes'  remains  appear, 
but  they  nowhere  seem  abundant.  They  were  yery  small  in  size,  but  ferocious  and 
predaooous  in  their  habits,  and  allied  to  the  present  shark  tribe. 

It  appears,  then,  on  the  whole,  that  almost  all  the  great  natural  groups  of  inyer- 
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tobrate  awmftln  and  fishes  were  represented  ia  these  earliest  beda^  and  oomzuanced  their 
course  on  the  earth  at  the  same  time  as  the  most  minute  seaFweeds  and  soophTtes.  i 
There  is  nowhere  any  appeaxanoe  of  prograaaive  improTement— the  encrinite  aucoeeding  | 
the  coral  animal,  the  trilobite  ooming  in  at  the  close  of  the  encrinite  period,  tiie  | 
terobratula  auooeeding  it,  and  eclipsed  in  its  tum  by  the  nantiloB.    The  whoiB  nomber  i 
were  contemporaneoud,  and  £onncd  a  group  doubtless  adapted,  in  the  best  posaible  vay,  , 
for  the  condition  of  the  earth's  sutfaoe  at  that  time.    The  difiionnoe  of  oxgasiaatioii 
presented  by  these  animals,  when  compared  with  those  now  lining,  is  also  BmaU,  and 
we  are  not  at  all  justified  in  asftiiming  a  higher  or  mora  uniform  tempentun  to  hare 
existed,  or  that  Uiere  was  a  more  widely  extended  sea,  a  different  atmo^heie,  or  other 
modifinationa  beyond  those  readily  producible  by  ohangea  in  the  relatiTQ  poiitiaQ  and  ; 
extent  of  land,  and  sea.  ' 

Neither  does  the  absence  of  certain  races  of  animals,  which  in  later  times  were  | 
amongst  the  most  numerous,  lead  to  the  conclusion  that  any  very  different  conditioBs  ; 
existed  in  the  ancient  sea  from  those  now  obtaining,  nor  would  their  mere  absenec 
enable  us  to  form  any  notion  of  the  cause.     It  is  because  we  find  a  number  of  animals 
manifestly  repreaerUativey  and  evidently  adapted  to  perfoxm  the  same  part  in  eroation  as  | 
those  now  existing,  that  we  fully  see  the  nature  of  this  difference. 

8till,  no  doubt,  the  condition  of  the  SiJnrian  ocean  would  have  a  strange  aspect.  , 
With  something  of  resemblance  to  the  modem  seas,  in  the  numerous  reefs  and  islands  of 
oonl  constantly  naing  to  the  water's  edge,  and  then  soon  destroyed  by  the  gndoal 
enlazgemont  of  a  naing  eontinent — with  resemUanoe  also  in  some  of  the  shells  of  tiie 
coast-line  and  the  open  sea — there  would  yet  be  mndi  very  diffarent  and  new.    The 
muddy  and  sandy  shallows  would  have  their  peculiar  inhabitants,  and  the  da^w  banks 
would  be  oovered  with  trilobites ;  while  mynads  of  these  unsightly  animalis  some  of  ^ 
them  of  gigantic  pn^Kirtions,  would  float  in  obuds  in  the  water,  seeking  food,  awimming 
with  their  backs  downwards,  and  ready  to  sink  to  the  bottom  at  the  slightest  approaeh 
of  danger.    Farther  out  at  sea,  and  attached  to  the  rocky  bottoms,  we  should  JuiTe  the 
elegant  forma  of  the  sea-UlieB  waving  their  living  stems  and  branches,  and  sketching  ! 
out  their  atony  net-work  to  entwine  and  appropriate  whatever  came  within  reach.  : 
Darting  through  the  water  in  every  direction,  and  of  almost  every  size,  the  voincioss 
cuttle-fish  of  that  period  would  devour  the  softer  and  crush  the  harder  parts  of  almost 
every  species  then  living,  and  perhaps  of  the  less  powerful  individuals  of  their  own  ' 
race.    Some  of  thcse-^two,  or  even  throe  feet  long,  spear-shaped,  with  large  fins  and 
long  spreading  arms,  terminated  with  the  most  Mghtful  weapons-HDnust  have  been  the  ^ 
tyrants  of  the  deep ;  while  others,  of  a  rounder  shape  and  less  active  habits,  would  hare 
little  chance  of  escape,  except  in  the  power  they  possessed  of  instantaneously  dropping  ; 
to  the  bottom,,  and  perhaps  hiding  themselves  in  the  mud. 

Brrniim  w  Old  3fted  gmdrtone  P«zlod.-In  Devonshire  and  Cornwall,  on 
the  lUiine  and  in  various  other  parts  of  Western  Europe,  in  Eastern  Europe  and  some 
parts  of  Asia,  and  again  In  many  places  in  America  and  the  large  islands  of  the  Southen  ' 
Ocean,  there   are  foimd  very  extensive  deposits,  consisting  of  sandy  and  muddy 
beds,  overlying  the  Silurian  rocks,  which  thus  pass  insensibly  into  theoe  beds  of  a  ; 
newer  period     Elsewhere  in  England,  in  Scotland,  in  some  parts  of  Eussia,  and  [ 
America,  the  close  of  the  Silurian  period  was  succeeded  by  a  time  when  a  vast  mass  of 
rolled  material,  consisting  of  quartz  pebbles  and  other  fimgmentary  rocks,  was  deposited 
in  a  spot  now  forming  part  of  Scotland,  and  in  what  is  now  Herefordshire.    Most 
probably  the  deposit  of  this  vast  mass  of  detritus,  with  occasional  bands  containing 
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imm«roii8  lemabis  of  fishes,  vm  one  ooiueqaeiioe  of  a  oonsidecaUe  uphMval  of  land  in 
tbe  northem  hemisphere,  producing  a  saooessioii  of  resisllees  wares,  which  not  only 
swept  along  the  gravel  hat  shaTed  clean  ihe^  suiiace  of  the  rocks  they  passed  oyer. 

In  this  way  wero  finmed  the  contemporaneous  deposits  of  the  Devonum  roelea  and 
ibe  Old  nd  atmdttone :  the  fbrmer  muddy  and  calcareous,  ^xmtaining  corals,  shells,  and 
trilobites ;  the  latter  sandy  and  gritty,  and,  where  exhibiting  fossils  at  all,  haying 
chiefly  the  remains  of  fiiihes. 

It  seems  likely  that  the  whole,  both  of  the  Silurian  and  Devonian  period,  was  marked 
hy  the  deration  of  European  land,  and  perhaps  also  of  land  in  North  America,  Australia, 
and  ekiewhere,  where  these  rocks  occur.  That  such  a  view  is  correct  seems  probable, 
psaily  because  all  the  coral  banks  of  the  period  must  have  been  fringing  ree&,  and 
partly  because  of  the  amount  of  volcanic  action  known  to  have  been  going  on  in  our 
own  country  and  elsewhere  at  this  time.  In  the  same  way,  too,  it  seems  easiest 
to  aoeoont  for  the  oonglomerate  of  the  old  red  sandstone,  whibh  may  possibly  have 
been  drifted  into  hollows,  and  thus  have  obtained  the  vast  ithickness  sometimes 
observed.  But  iJie  elevatioiis  nrast  have  been  numerous,  and  perh^s  accompanied  by 
eonesponding  and  not  distant  depressions,  in  order  to  produce  aome  of  the  pheno- 
mena of  this  singalar  period. 

During  the  Devonian  period  there  existed  in  the  seas  a  numbeir  er'Ahes  of  a  very 
remariuble  Idnd^  in  addition  to  a  multitude  of  less  highly  organised  animaLriwcmbling 
tiie  ftkirian  groups.  These  fishes  are  interesting,  not  only  as  giving  u»an  insight  into 
the  condition  of  the  ancient  seas  in  this  respect,  but  also  in  thain  oom^Mnson  with 
existing  species. 

At  the  present  time  there  are  various  ways  of  grouping  the  dflferent  tribes  of  fishes ; 
and  these,  of  course,  depend  on  some  characteristic  peculiarities  of  steucture.  Taking, 
however,  all  known  forms,  extinct  as  well  as  recent,  it  is  found  that  the  skin,  or  rather 
tiie  luffd  covering  of  the  skin,  corresponding  with  the  skeleton  of  lesaiughly  organixed 
animals,  affords  a  character  which  may  be  made  extremely  useful,  if  it  be  not  actually 
sufficient.  Thus  almost  all  the  different  kinds  of  fishes  have  scalas ;.  and  these  are 
either  coated  with  enamel,  such  as  the  skate,  the  shark,  and  the  staxgeon,  or  arc 
comparatively  simple,  not  being  coated  with  any  hard,  substance,  as  is  the  caaewith  the 
common  fishes  round  our  own  shores.   There  are  four  principal  varictiM  of  tiie  sCructurc 

of  the  scale,,  two  belonging 
to  each  of  the  above  pecu- 
liarities ;  and  though  at  pre- 
sent but  fow  of  the  fishes 
can  be  reforred  to  the  first 
two,  yet,  ontheother  hand, 
almost  all  those  found  fossil 
in  the  older  rocks  are  of 
these  kinds. 

The  annexed  diagram  will 
show  in  some  degree  the  state 
of  the  case.  The  small  hooked 
scale  represented  in  No.  1  is 
that  belonging  to  a  group  of 
which  the  shark  is  a  well- 
known  instance.    Sharks  are  now  by  no  means  rare ;  but  in  ancient  seas,  especially 


acALCs  or  fishrs. 
1,  Placoid;  2,  Ganoid;  3,  Ctenoid;  4,  Cycloid. 
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thow  of  the  earliest  epoch,  they  were  incredibly  abundant  The  scale  No.  2  is  singulariy 
diflforcnt,  because,  though  hard  and  bony— the  bone  on  these  sur&cea  resembling  that 
of  the  tooth  rather  than  any  other  kind  in  its  closeness  of  texture— it  is  smooth  and 
angular ;  forming  in  the  bony  pike  (a  singular  North  American  lake  fish)  a  complete 
and  connected  coat  of  armour  of  the  most  perfect  kind.  (The  animals  thus  clothed  are  now 
extremely  rare,  but  in  the  ancient  seas  were  the  common,  if  not  exduaive,  inhabitants. 
On  the  other  hand,  in  Nos.  3  and  4  we  haTe  figures 
of  the  scales  of  fishes  now  familiar.  Of  these  the  perch, 
with  its  comb-like  fringe  (3),  is  the  representative  of  one 
large  group ;  and  the  salmon,  having  a  smoother  and  more 
roimdcd  and  entire  margin  (4),*of  another  equally  large 
and  now  no  less  important.  Of  the  fishes  having  these 
two  kinds  of  scales  not  one  representative  has  yet  been 
found  in  the  older  rocks ;  and  although  it  may  be  that 
large  numbers  of  species  less  defended  with  bony  armour 
have  been  destroyed  in  the  lapse  of  time  and  by  numerous 
accidents,  it  is  yet  unlikely  that,  where  so  many  far  more 
delicate  and  more  easily-injured  animal  subetanoea  have 
been  preserved,  some  at  least  of  the  scales  should  not  be 
met  with.  Such,  however,  is  the  case ;  and,  practically, 
we  have  only  to  deal  with  the  two  first-named  divisious 
of  fishes  in  the  Palaeozoic  epoch. 

Another  peculiarity  of  fishes  that  has  been  noticed  is 
the  mode  in  which  the  body  is  terminated  and  the  tail 
attached.  In  the  shark,  and  generally  in  the  placoid  and 
ganoid  fishes,  the  back  bone  is  continued  into,  and  forms 
part  of^  the  tail,  which  is  thus  unsymmetrical  (see  annexed 
woodcut,  Fig.  1) ;  while  in  the  modem  fishes,  in  most  cases, 
the  taU  is  a  mere  fin,  either  double,  as  in  the  trout  (Fig.  2], 
or  single  and  rounded,  as  in  the  wrasse  (Fig.  3)— a  common 
fish  on  the  English  coast,  sometimes  called  old  wife.  Here, 
as  in  the  scales,  a  marked  difference  exists  between  the 
prevailing  form  in  modem  and  ancient  times.  All  the  old 
fishes  have  tails  like  the  shark ;  most  of  the  modem  ones 
resemble,  in  this  respect,  either  the  trout  or  wrasse. 

During  the  deposit  of  the  rocks  of  the  Devonian  period 
several  very  odd  and  uncouth  fishes,  covered  with  bony 
framework,  and  belonging  to  the  ganoid  division,  not  only 
existed,  but  appear  to  have  be^i  the  almost  exclusive 
inhabitants  of  the  deep.  Of  these  the  figure  of  the 
Pterichthts  (wing-fish),  as  given  in  the  annexed  group 
of  Devoniaa  fossils,  is  itself  sufficiently  curious.  This 
animal  was  one  of  a  group  remarkable  for  the  large  sixe 
of , the  bony  plates  compared  with  that  of  the  ftnimal^  gnd 
also  for  the  distinct  and  peculiar  forms  of  such  plates. 
There  were  also  bony  coverings  to  the  fins,tuid  a  projecting 
tail,  giving  the  appearance  of  a  winged  animal,  although 
there  cannot  bo  a  doubt  that  the  fiah-Iiko  character  was  perfect.    Several  speciee,  also 


TAIUS   OP  FISHES. 

1,  Shark  ;  2,  Trout ;  3,  Wrasse. 
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enveloped  in  hard  cases,  but  more  like  the  existing  tribes,  accompanied  tlic  pterichthya ; 
and  there  was  also  one,  the  Cocostms,  so  called  from  the  berry-like  tubercles  with 


OaOUP   OF  MIDDLE   PAL.E020IC   FOSSILS. 


A.t.OPORA  SKr.FKXS, 


COXVI-ARIA  OErtATA. 


f! 


rKNTREMITIUEA 
SrUCLTII. 


l.^VTXVK  LEPrS, 


TCRBO  PrBCOSTATVS. 


CI.TMF.VIA  BEDGWICXII, 


1  rTEniCITTHYa  COIiSCTUS. 

j   ^vhick  tho  large  bony  plates  were  covered,  and  of  which  numerous  fragments  hare  been 
!   obtained,  chiefly  from  tho  fla^toncs  and  other  beds  of  the  old  red  sandstone  of  Scotland. 

INOR3ANIC  NATURE.— No.  III.  O 
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Another  group  of  these  ancient  fishes  is  remarkable  for  the  great  magnitude  of  Hie 
fins,  and  the  &ct  that  those  fins  on  the  back  and  below  the  tail  are  double. 

The  jaws  of  most  of  these  animals  are  provided  with  sharp-pointed  teeth.  The  head 
was,  as  it  were,  inclosed  in  a  cartilaginous  box,  coated  with  enamel ;  and  the  scales  on 
the  body  are  aoonstimes  so  disproportionately  lazge,  that  they  do  not^BMed  ax,  in 
number  httmeen  the  head  and  tail.  These  .fiahes  probably  swam  mum  m^idly,  stood 
perh^i  udMibited  deeper  seas,  than  the  oiheis;  but  they  wer^off  aoMkll  aiae,  and  but 
a  ttM&  .nsBlber  of  genera  have  yet 'been  detected.  Similar  l^bs'iSkcger  aiae,  and 
mam'PpafWviiaXf  appeared  towards  te^itloae  of'4i>e:p(nriod. 

^llhiwigh,  in  -the  nature  of  theiniiiMiil  .^ecimniHitionfl  during  ^ftfrffltoronian  -period, 
we  fleam'tD'hsfS  an  intimation  of  the  vuSbeoBe  -of  <Iand  near  oiBmwwiiil  'CoagtJine  in 
vsrious  pottB'of  the  world,  yet  thne  is<iuiiie  of  Ihat  eyidence  whiflnflBOHttiud  eodstenoe 
of  the  very  inhabitants  of  land  giines,  until  we 'reach  quite  the  closoff  I&d  -iperiDd,  and 
come  to  the  carboniferous  rocks.  In  Deyonshire,  indeed,  and  peft^pB^inXr^and  and 
elsewhere,  vegetable  fossils  are  found  in  the  older  shales,  marking  jiwiqirtt  where  land 
first  appeared ;  but  these  must  be  regarded  as  exceptions  to  the  usuiflwonditifla. 

We  are  not,  however,  to  suppose  that,  .haoause  there  is  for  the  moit  yart  an  absence 
of  land  foflsih  in  the  Devonian  rocks,  there  was  therefore  little  land  atihat  time  above 
the  surface  of  the  -sea.  Nothing  can  be  more  likely  to  lead  to  error  than  this  hasty 
judgment  &om  first  iBQnMuons ;  and  in  the  case  undter  consideration  it  is  most  likely 
that,  during  the  whole  (ffrOud  Silurian  and  Devonian  period,  land  had  been  increasing 
in  the  northern  hemisphae — that  at  the  close  of  the  Devonian  period  it  attained  a 
maximaim,  end  tbatimmediately  afterwards  it  began  to  sink.  But  this  early  land  was 
not  placed  whore  we  can  now-find  actual  traces  of  its  existence.  Perhaps  it  was  a  first 
Atlantis,  ocoupyiag  -a  vaat  space  now  covered  b^ihe  gpreat  Atlantic  canal  separating 
Buropc'BBd  Amarioa.  It  is,  however,  possiBle *ibat  a  patfionof  KorihemOBDzqpe  was 
cvan  thisn'^elBvated  aiMve  the^aea,  and  formed  day  hmd. 

ltoBi»fJI»Tu— llii  cif<fh«  GarboniteEmn.9aBaBa.--^niGfi2vtgraaiaBdicati^ 
of  efaangc'tfaatpments  itial!^  with  regard  toihe.moTeniente^tiuEn  ^isg  on,  ia«}en  in 
the  %Rnetion  of  those  moimtain  masses  of  coral  -found  in  (various  plaees,  not  jonly  in 
England,  but  in  aihBripattB  of  Europe,  and  in  America.  These  affindprnofcf  a  series 
of  alternations  of  leyel;  and  the  presence  of  vegetable  fiM8i]B,~«cmi0thBB8  associated  with 
the  limestone,  show  that  tl^ere  had  already  commenced  that  abundant  vegetable  life  so 
characteristic  of  the  later  portions  of  the  carboniferous  period. 

The  Oarboni/eraus  or  mountain  limestone  may  properly  be  regarded  as  the  base  of  the 
whole  carboniferous  series,  although  in  Ireland  there  ia-a^pflCttUaraandy  deposit,  and  in 
many  other  parts  of  Europe  a  dirty  shale  between  the  limMtone  ^ad  the  Devonian 
rocks.  Few  geological  formations  are  more  marked  'Jor  ^nuiEe  "unifonn  in  Aait  peculiar 
characters,  and  none  is  more  important,  .iaian  (cranomic  aeiBe,  "Qnn  tihe  carboniferoua 
series ;  and,  as  the  ordinaiy <baHs  *tS  rfiiis  f seiies,  ^ftfrosaAoniferoiB  UmeatsaD  posaeases 
great  interest.  Most  of  the  limedtoneB  of 'fliB  gieriod  are  oitimr  coralline  or  derived 
from  the  fragments  of  marine  animals  of  other  kinds,  «iid'iittinHMy  aMociated  with 
coral.  They  are  therefore  essentially  fossiliferous.  Their  fK^im—ii  varies,  but  often 
amounts  to  a  couple  of  thousand  feet,  and  the  rock  is  n8ually!haxd,  considerably  altered 
from  its  original  condition,  and  contains  in  its  crevices  numerous  crystalline  minerals 
and  ores  of  lead  and  zinc,  with  other  metals.  In  picturesque  features  it  is  also  well 
marked,  as  it  is  frequently  abrupt  and  fragmentary  in  its  appearance,  with  fine  escarp- 
ments, lofty  cli£Bi  occasionally  overhanging,  and  a  rough,  weathered  surface. 
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With  each  features  the  carhoniferous  limestone  is  recognised  in  Derhyahire,  Bevon- 
shire,  and  Tonrkahise,  wad  in^North  Waka.-  It  is  reprodnced  on  the  Continent,  in  the 
upper  valley  of  the  Mouse,  and  in  some  .partB  of  Russia,  and  again  in  Canada  on  the 
wefitem^hores  of  the  Atlantic.  In  a  leas  picturesque  form,  but  still  perfectly  recog- 
nisable, .it  oeoupies  laige  tnusts  in  Ireland,  Qermany,  and  the  western  states  of  the 
Union  in  North  AraBTica.  It  CTerywhero  aboimds  with  fossil  remains,  many  of  them 
extremely  interesting.    Ilhe>a4j<aning  page  contains  a  number  oMhese. 

Above  the  carboniferous  limestone  a  deposit  of  hard  coarse  sandstone  supervenes, 
frequently,  in  England,  of  such  a  nature  as  to  be  valuable  for  millstones,  and  thence 
called  milUUme  grit,  It^^AHxsoDtnBs  bands  of  coal,  though  these  are  usually  thin  and 
'of  small  value.  It:is  a  flonufi^hatiliMal  deposit,  being  almost  confined  to  England,  and 
forming  indeed  little  moie  ihan  na  sandy  base  of  the  coal  measures.  It  contains  no 
characteristic  fossils. 

Next  in  order  comes  in  that  great  and  important  series  of  sands  and  shales  whose 
association  with  available  mineral  fuel  render  them  of  infinite  value  to  every  country 
in  which  they  are  found.  These  beds,  called  the  coal  measurtt^  are  often  the  only,  as 
they  are  always  the  most  essential,  ng>TiMmitatras  of  the  great  carbeaifrBBus  series, 
whoae  iifle  is  Jienoe  derived.  They^xeiraidynMzQiittedin  England, "Vaha,  Thwiiii  i id, 
and  Irehud;  in  Belgium,  Prance,  and  0paiB;  in  many:pcrts  of  WeslspiifliMBuy,;  lin 
Bohemia,  teEimy,.and  Silesia.;  OQttiiB  'boiiDB  of  the  IKm,  on  the  sfaons  ^of  T&e  1 
Sea,  in  vaziaus  parts  of  ^Uia  aadinttfaeiiikliH  of 'the  aouthem  i 
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of  the  laae  geological  age,  and  of  still  greater  extent,  occur  in  several  parts  of  North 
Ameriaa,  both  on  the  eastern  side  and  in  the  great  Mississippi  vaUey.  Throughout 
these  wide  tracts  available  mineral  fuel  occurs  in  association  with  peculiar  shales  and 

grits,  and  always  with  the  same  association 
of  vegetable  remains.  The  nature  of  that 
part  of  the  v^|;etaiion  of  which  fragments 
are  preserved  is  ^ary  peculiar ;  but  it  is 
impoftmt  'to  'hear  in  iBiinfl  "that  in  such 
matten  t&e.i&asnso'  of  oectain  forms  affords 
no  real  proof  df  tfaair  not  having  existed, 
unless  we  are  iko  Affile  to  determine  actual 
prooft  of  the  ezistMUC  of  others  representa- 
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tive  of  them. 
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CVATUOCEIN-US  CARYOCRINOIDES. 
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In  addition  to  the  usual  cUys  and  sands,  which  fonned  the  ancient  land  and  sea 
bottom  of  the  carboniferous  period,  and  in  which  are  often  found  the  trunks  of  trees 
boned  with  their  roots,  or  standing  upright,  turned  into  or  incased  with  stone,  it  is  not 
nmiHual  to  meet  with  very  coarse  conglomerates  in  the  coal  measures,  with  which  fine 
bands  of  pure  limestone  occasionally  alternate.  Thus,  at  Ardwiok,  near  Manchester,  is 
a  foflsiliferous  band  of  this  kind;  and  another  at  Burdie  House,  near  Edinburgh,  pre- 
sents numerous  organic  remains,  chiefly  of  fishes.  It  also  occasionally  happens  that 
sandstones  of  yarious  degrees  of  coarseness  form  abnost  the  only  materials  associated 
with  the  coal. 

The  coal  measures  and  underlying  beds  haye  been  so  greatly  and  repeatedly  broken 
asunder,  and  shifted  firom  their  original  position  in  England,  where  coal  was  first  exten- 
sively worked,  that  such  disturbances  of  stratification  have  often  been  regarded  as 
essential  to  carboniferous  rocks.  No  opinion  can  be  more  erroneous,  as  there  are  yast 
tracts  in  many  districts  where  the  coal  is  yery  little  Inclined  to  the  horizon,  and  is 
by  no  means  subject  to  faults  even  of  the  most  trifling  kind. 

The  whole  Carboniferous  period  may  be  considered  together  in  reference  to  the 
nature  of  animal  and  yegetable  life  at  that  time  preyailing.  Thus,  although  there  are 
not  wanting  in  the  limestones,  both  of  the  Silurian  and  Deyoaian  periods,  some  con- 
siderable number  of  coralline  remains,  there  are  no  such  accumulations  hitherto  known 
as  to  compare  in  extent  or  yaricty  with  those  of  the  great  bands  of  the  mountain  lime- 
stone. I^ese  indeed  would  seem  to  haye  been  only  paralleled  by  the  somewhat  similar 
formation  now  going  on  in  the  Southern  Archipelago,  and  it  seems  by  no  means  impos- 
sible that  the  general  condition  of  the  northern  hemisphere,  at  the  time  we  are  consider- 
ing, may  haye  approximated  to  that  of  the  southern  hemisphere  at  the  present  day.  In 
this  way,  many  of  the  most  singular  differences  oboeryable  in  the  animal  inhabitants  of 
the  sea,  and  in  the  ycgetables  of  the  land,  are  best  accounted  for. 

Besides  the  corals,  there  were  many  shells  and  other  mazine  animals  of  low  organisa- 
tion existing  in  these  ancient  seas,  and  they  were  peopled  with  a  multitude  of  fishes, 
some  of  which  approached  in  many  important  characters  the  true  reptiles ;  and  indeed 
we  have  distinct  eyidenoe  of  the  introdnction  of  reptiles  during  this  period,  though 
their  remains  are  few,  and  belong  to  animals  of  small  size.  The  passage  from  fishes 
into  reptiles,  indicated  by  the  fishes  of  this  period,  is  exceedingly  interesting. 

One  of  these,  called,  firom  its  large  proportions,  compared  with  the  other  fishes  of  its 
period,  M^ffoUehthySf  or  the  great  fish,  was  eyen  more  remarkable  for  its  robust  propor- 
tions than  its  actual  size.  Its  head,  jaws,  and  teeth  wore  especially  fonnidable,  the 
latter  being  sometimes  as  much  as  four  indies  long,  and  nearly  two  laches  broad  at  the 
base— dimensions  rarely  attained  eyen  in  the  largest  known  reptiles.  The  body  was 
ooyered  with  scales  of  corresponding  magnitude  (some  of  them  five  inches  in  diameter), 
and  seems  to  haye  been  well  shaped  for  rapid  motion  through  the  water.  The  skeleton 
was  Ixmy  and  strong,  the  tail  yery  powerfiil,  and  eyerything  indicatiye  of  great 
strength,  yigour,  rapidity  of  motion,  and  eminentiy  cazniyorous  habits. 

Another  yery  remarkable  fish  is  called,  from  the  wrinkled  appearance  on  its  scales 
and  bony  ooyering,  *^ JSohptychim"  Thsxe  is  a  nearly  perfect  specimen  of  this 
animal,  measuring  as  much  as  thirty  inches  long  without  the  tail,  and  the  proportions 
are  singulariy  massiye.  The  head  is  small,  but  the  unclothed  jaws— ooyered  with  hard 
enamel  instead  of  skin— are  lined  with  a  double  row  of  teeth ;  the  outer  range  thickly 
■et,  and  firinging  the  enamelled  edge  of  the  mouth;  the  ioner  ones  wider  apart,  and 
more  than  twenty  times  as  large. 
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The  seaks  eovermg  the  body  of  tiiis  ammal  siB^aboiy  mamhle  those  of  reptiles, 
and  might  have  aeiy  ed  for  the  defenaiTe  annour  of  a  orooodile  five  tunes  as  laige  as 
the  fish. 

But  these  were  not  die  only  fleroe  and  poweifol  inhidntants  of  the  sea  daring  this 
period.  No  less  than  sixty  species^  belonging  to  Tsriona  genera,  bat  all  of  the  sfaadt 
tribe,  and  smno  of  them  of  yeiy  huge  proportions,  are  known  to  have  existed  by  the 
fiMsil  remains  discorerod  in  the  Tariona  limeetone  and  other  roohs,  dnefty  in  Rnghind 
and  Ireland. 

This  number  is  very  much  greater,  and  the  fitigments  indicate  a  group  of  lacger 
^TtimitTg  tlian  we  find  characteriaing  the  old  red  sandstone.  They  were  also  easentially 
different  in  many  important  respects  -  fttfm  the  reptilian  fishes  already  described,  and 
instead  of  having  a  secure  casing  of  enamd,  and  impenetrable  defensive  annour,  their 
skin  was  covered  only  at  intervals  with  small  and  detached  plates.  There  can  be  no 
question,  firom  the  analogy  of  recent  animals  allied  to  them,  that  these  were  the  most 
powerful,  the  most  rapid  in  their  movements)  and  therefore  the  moat  impertant  of  all 
the  iidiabitanta  of  the  sea,  and  being  probably,  in  most  eases,  the  attackerSy  they  did 
not  need  the  oontrivanoes  for  defence  which  are  found  in  the  heavier  and  less  mobile, 
though  moss  maBsive  saoroid  fiishest 

like  the  existing  shazks,  it  is  most  probable  that  theae  fishes  required  to  tom  tiiem* 
selves  round  in  the  water,  while  in  the  act  of  seiaing  their  prey,  in  consequence  of  the 
mouth  being  en  the  under  side  of  the  animal.  For  the  purpose  of  being  enabled  to 
make  this  impertant  movement  with  great  rapidity  and  precision,  they  were,  however, 
provided  with  a  bony  spine,  ceaneoted,  no  doubt,  with  a  fin,  and  inserted  on  the  baek. 
These  spines,  fbund  in  tlie  Port  Jaokaon  shark,  are  not  fiistened  to  any  bone,  but  are 
simply  inserted  in  the  fiesh,  and  worked  by  stzong  museles.  They  are  very  oooamonly 
found  in  a  fossil  state. 

See,  tiien,  the  change  tlmt  had  been  eSbobed  towards  ike  dose  of  this  period.  The 
eorals  and  encrinites  remained,  and  t^  number  of  species  had  greatly  increased,  but 
those  originally  introduced  had  long  sinoe  died  out,  and  were  suooeedod  by  others 
resembling  them,  but  not  by  any  means  idanticaL  The  trilobites  had  alinoet  ceased  to 
exist.  The  terebratula  and  other  aUied  fonns  of  bivalve  shells  had  greatly  multiplied 
in  species,  but  the  number  of  generio  forms  had  diminished ;  and,  on  the  other  hand, 
the  number  of  generio  fbrms  of  the  other  moUusca  had  greatly  increased.  The  cepha- 
lopods  were  still  numeroHS.  But  the  fi^es  are  the  most  strildng  group.  The  minute 
but  ^isne  and  voiaoioaa  species,  which  first  marked  the  introduotion  of  these  nnjiwaia^ 
beeaone  succeeded  by  a  dumsy  and.  awkward  race,  heavy,  slow,  and  only  adapted  to 
feed  on  the  crustaceans  and  shell  aninials  inhabffing  the  shallow  water  near  shore ;  and 
tiiese  were  defended  by  strong  plates  of  annour,  or  delieate  but  perfbet  ooatta  of 
mail.  Then  came  the  more  predaceous,  more  powerfbl,  and  more  rapid  speoiee  (stiUl, 
however,  armed  in  the  same  manner),  and  then  succeeded  the  sharks — the  most  remaik- 
able  of  all  for  their  looomotive  powers,  and  their  fierce  and  voracious  habita.  These 
weie,  however,  associated  with  monstrous  and  enormously  powerful  speoies,  well' fitted 
to  resist  their  attacks  by  the  poasessian  of  defensive  armour,  like  the  plated  naU  of  a 
large  ocooodile.  There  is  no  time  known  at  which  fishes  so  preponderated.  There  were^ 
so  far  as  we  can  tell,  no  groups  ever  introdnced  which  exceeded  these  in  the  most 
remarkable  points  of  development ;  and  this^  thecefore,  may  well  be  called  ^<  the  age  of 
fishes." 

But  we  have  also  indications  of  the  land,  and  the  vegetatioii  with  which  it  was 
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dotked.  Thaie  are  aaociated  wiih  beds  of.  cotl,  the  eziatenoe  of  which  is  almosti 
if  Dotl^abflolutely,  confined  to  tho  geological  period  we  are  sow  coDfiideong,  and 
which  are  met  mth  in  abundanee  in  our  own  countiy,  in  North  America^  and  also 
more  rarely  in^yariona  other  parts  of  the  world,— in  Europe,  Aaa,  and  Anstzalia. 

Nothing  is  moi»  certain  than  the  true  vegetable  origin  of  coal.  It  has  been  deter- 
mined .by^observing  the  general  conditions  under  which  the  mineral  occurs,  the  fossil 
remains  aasociated'with  it,  and  by  actual  microscopic  structure.  Coal  b  altered  and 
oompresfled  yegetable  matter,  an' accumulation  of  trees  and  of  various  other  plants  con- 
-veyed*  by  some  vast  riyars^  or  living  'near  a  lake  in  ancient  times.  It  is  asaoeiated 
with  many  beds  of  sand  and  mud,  which  contain  sometimes  the  impressions^  some- 
times the  remains,  of  leaves  and  trunks  of  trees.  The  coal  exists  in  many  beds 
vwyittg  in  thieknww  from  a  few  inches  to  thirty  or  even  fifty  yards,  anid  covering 
aceas  often  amounting  to  many  square  miles,  and  sometimes  to  many  thousand. 
But  the  thickness  and  extension  give  but  a  fidnt  and  imper&ct  notion  of  the 
quantity  of  vegetable  matter  belonging  to  the  period;  for  a  vast  proportion  must 
havo  died  and  undergone  decomposition  withont  forming  coal,  and  tiie  great  com- 
poaasiQn.tho  whole  has  sinoe  undergone  has  much  diminished  the  thickness  of  any  bed 


And,  the  kind  of  treea— the  nature  of  that  vegetation  which  clothed  the  land  in  t3ie 
northern  hemisphere  daring  the  deposit  of  what  was  afterwards  to  become  coal,— this 
ia  an  inquiiy  of  very  great  interest,  and  one  which  the  fossils  of  the  sandstonss  and 
aiaty  beds,  amongst  whioh  the  coal  is  stratified,  serve  to  decide  to  a  great  extent,  if  not 
absolutely. 

The  first  thing  that  strikes  one,  in  looking  at  these  fossils,  is  the  singular  prevalence 
of  fern-leaves,  and  the  total  absence  of  such  leaves  and  wood  as  characteriacs  the  great 
majoixty  of  the  farest  trees  of  the  present  day  in  our  latitudes.  It  is  a  very  singular 
and  intSNstittg  ravdt  of  the  investigations  of  naturalists  on  the  subject  of  the  distri- 
bntion  of  plants  npon  the  earth,  that  the  region  which  most  resembles  this  ancient 
oaafBtimi  of  Europe  inolndes  very  nearly  our  antipodes,  being  confined  to  parts  of 
Australia  and  Van  Diemen's  Land,  New  Zealand,  Norfolk  Island,  and  other  parts  of 
the  iontfa  temperate  zone. 

Bati  although  in  these  distant  spots  we  do  undoubtedly  find  a  group  of  plants 
Bomewltebsnailar  to  those  of  the  coal  measures,  and  the  dark  ferns  there  take  the  place  of 
our  mora  cheerful  gmsses,  growing  in  rank  luxuriance  into  forest  trees,  and  associated 
with  palma  aa^weil^aufirs  and  pines,  yet  there  is,  after  all,  only  a  very  general  resem- 
blance; noriaitiliMGilr  that  the  ancient  condition  of  the  northern  hemisphere  greatly 
resembled  the  iiiiiiwf  Polynesia  of  the  South  Seas.  One  of  the  most  remarkable 
characters  of  tlin  ooal-  finails  consists  in-  the  gigantic  proportions  of  some  groups  of 
plants  now  nnifta^  BKuAi  but  the  resenrMance,  after  all,  is  only  distant,  and  we  know 
but  little  yet.afitbsf tBBflrisiae  of  the  difRnvnoes  observed. 

There  an^.imaBirflwn  coal,  three  welL^tiaiked  generic  forms  of  forest  trees,  and  a 
gigantic  reed,,  BsaUw  the  numerous  tree-ftms  whose  leaves  or  fronds  abound  in  every 
coal  dbtrict.  Of  these,  one  approached-  in  some  respects  to  the  club  mosses ;  one  is 
exceedingly  different  from  any  A-ri^tting  tree,  but  was  probably  coniferous,  and  most  like 
plants  of  the  Zamia  tribe ;  and  the  third  resembles  some  of  the  singular  pines  of 
VkMSk  Idand.  The  ooniferoas  tree,  of  which  we  know  scarcely  anything,  was,  it  has 
Imw^  iffffn^mngm  jk^^if^f^  oounocted  with  a  singular  but  very  abundant  stem-like  fi^ssil, 
which  has  bean  supposed  to  fomtits  root. __^_ 
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|Vt  In  order  to  realize,  as  far  as  possible,  the  ancient  condition  of  onr  hemisphere, 
at  the  close  of  the  carboniferons  period,  let  the  reader  picture  to  himself  a  totally 
different  arrangement  of  the  land,  which  was  at  that  time  exposed  to  great  changes 
of  level,  and  which,  after  long  descending,  had  been  partly  uplifted ;  so  that  a  mul- 
titude of  islands  were  studded 
over  the  green  waters  of  that 
ancient  sea.  Besides  the  islands, 
there  may  also  have  been  con- 
tinuous land,  having  a  cocwt 
line  indented  by  numerous  in- 
;  lets  and  estuaries ;  while  large 
tracts  of  the  interior  were  under 
water,  and  rivers  and  mountain 
streams  partly  drained  and 
partly  inundated  the  low  lands. 
The  whole  of  the  interior  may 
have  been  clothed  with  denac 
forest,  whose  dark  and  gloomy 
foliage,  chiefly  of  pines,  was 
only  occasionally  interrupted 
by  the  bright  green  of  the 
swamps  in  the  hollows,  or  the 
brown  tints  of  the  fern  cover- 
ing, instead  of  grass,  the  dis- 
tricts near  the  coast  In  this 
forest  there  were  doubUess 
many  diffisront  kinds  of  vegeta- 
tion. We  should,  however,  see 
in  one  spot  a  group  of  lofty  and 
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elegant  trees  (the  so-called  Lepidodendron\  with  a  delicate  tracery  of  fronds,  doiOiing, 
in  the  utmost  luxuriance,  the  slender  and  drooping  branches  which  waved  with  ev^y 
breath  of  wind.     At  a  distance,  in  the  more  swampy  places,  the  Calamites — the 
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arboreeiMnt  reeds  of  this  period — ^woold  be  seen  in  clumps  bearing  aloft  their  sing^ular 
Inmches  and  yet  stranger  leaf-like  appendages,  and  standing  stiffly  up  in  a  mono- 
tonous uniformity. 

Not  hr  off,  and  periiaps  close  to  the  moist  places  where  vegetation  was  most  rank, 
tha  Si^aUria  would 
appear— «  lofty  tree, 
with  a  tapering  and 
elegant  trunk,  with 
leaves  only  at  the  top 
of  its  perfectly  bare 
and  naked  stem — a 
fluted  column  rising 
simply  from  the 
ground  to  a  great 
height,  and  then 
crowned  with  a  mag- 
niiloent  head  of  bright 
green  foliage,  like  the 
recent  Zamia.  Per- 
haps this  column  rose 
from  a  circular  and 
masaiye  base,  spread- 
ing out  arms  in  every 
direction,  and  exhi- 
biting in  the  roots 
&ose  branches  which 
were  certainly  absent 
from  die  stem. 

But  the  tree  ferns, 
and  trees  resembling  the  Norfolk  Island  pine,  would  probably  be  the  most  striking 
features  in  the  landscape.  They  would  occupy  a  prominent  place,  and  their  fellen 
leaves  and  trunks  would  perhaps  render  the  forest  almost  impassable;  but  they  would 
also  be  dotted  at  intervals  over  the  distant  plains  and  valleys,  which  were  probably 
clothed  with  humbler  plants  of  the  same  kind.  These  trees  would  exhibit  rich  crests 
of  fronds,  each  crest  hanging  down  gracefully  over  the  trunk,  and  many  feet  in  length, 
and  the  whole  of  the  lofty  forest  trees  would  be  girt  round  with  innumerable  creepers 
and  parasitic  plants  climbing  to  the  topmost  branches,  and  enlivening,  by  the  bright 
eoloars  of  their  flowers,  the  dark  and  gloomy  character  of  the  great  masses  of 
vegetation. 

Foiests  such  as  these  are  remaiicable,  even  at  the  present  day,  for  their  death-like 
silence,  and  the  almost  total  absence  of  land  animals.  A  few  birds  and  insects  form  the 
whole  animal  population,  and  no  quadruped  is  foimd  over  extensive  districts.  Such 
was  strikingly  the  case  during  the  coal  period.  Vegetable  life  was  infinitely  abundant, 
but,  with  the  exception  of  a  scorpion,'a  few  small  freshwater  shells,  and  a  few  crusta- 
ceans, we  know  of  no  terrestrial  or  lacustrine  animals ;  and  we  find,  therefore,  that  while 
the  sea  was  then  the  habitation  of  fishes  of  considerable  magnitude,  and  of  high  organi- 
sation, on  land  there  existed  only  vegetable  life  in  abundance,  and  no  highly  organized 
animals  appear  to  have  been  yet  introduced. 
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After  itko  deposit  of  the  ooal^  a  number  of  beds  succeeded  in  most  parts  of  the  ifrnrid, 
during  a  period  when  there  seems  to  have  been  great  and  constandy  repeated  diatozb- 
ance.  The  seas  became  less  fitted  for  the  hirger  fishes,  and  reptiles  began  to  be  iidxo* 
duced.  The  land  became  fitted  for  a  somewhat  different  kind  of  vegetation,  and  the 
general  physical  features  of  the  greater  part  of  the  existing  land  were  Ihen  dabanmuedi 
Peimian  Sezies. — ^The  rocks  immediately  oycrlying  the  carboniferous  aeridai  and 
completing  the  Palseozoic  epoch,  are  represented  in  England  and  western  EuzopQ  by  isony 
sandstones  and  migneaian  limestonea,  with  few  fossils.    These  formed  but  an  itmIi^tm^^ 

series,  until  idioitified 
with  a  large  luxd  inter- 
esting repreaentatrre 
group  in  the  ancient 
kingdom  of  Perm,  in 
Qnnia,  first  desciibed 
by  Sir  Boderick  Hiiiv 
ehison;  but  the.wbole 
ore  now  generaUy  re- 
cognieed  as  the  Per-  . 
PAODvcTuai  Hooemsus.  xQigQ  gystem.      Same 

peculiar  miTittpal  conditions  init&ese  mAtf  and  certain  fossils,  sufficiently  separata  l^c 
group  finBr\tilfi>oarboniferous  xooks,  siidBattiiftManc.tMne  fail  to  connectrtham  with  the 
ii1il(  III  iKiiTiixuriTtiiiiMWiwtTiiiij  juiiiml  TBhy.  Ihuaiamainitiie  uppermost  and  nameat  of  the 
PalsBOSOBx-seoes,  withouttiniiiKting  apam^  to  the  OTerlying  rooks. 

In  Ehg^and;  the  PenniiBrrocks  fonn  a  fiinge  round  the  northern  crop  of  the  ooai 
measures,  but  disappear  in  the  south  and  west.  In  France,  they  flank  the  Yoages 
mountains,  and  they  haye  been  traced  in  Germany  and  Belgium ;  but  th^  duaf  deve- 
lopment is,  as  has  been  said,  in  Russia.  The  mineral  character  yariea  but  litde,  ezsept 
that  among  the  sands  are  occasionally  thin  bands  of  coal,  and  sometimfiB  depoaitB 
highly  cupriferous.  The  thickness  varies,  and  in  some  parts  of  the  Harts  mmmtains 
is  as  much  as  one  thousand  yards. 

It  was  at  one  time  a  point  of  chief  interest,  in  regard  to  these  rocks,  that  the 
aEganie  remains  of  reptiles  were  found  in  the  magneaian  limestones.  Similar  and  other 
fragments  have,  however,  recently  been  found  in  the  true  coal  measures  in  various  places ; 
and  there  oan  now  be  no  question  that.several  genera  of  these  wnimals  belong  to  the 
ciMd  period,  and  may  perhaps  be  traced  back  to  periods  much  mere  ancient.  In  addi^ 
tion  to  the  reptiles,  several' peculiar  and  interesting  remains  of  fishes  have  been  foond 
in  the  magnesian  limestone,  and  numerous  sntall  corals  and  shells. 

Bimpitnlalion..— We  have  now  traced  the  history  of  our  globe,  firom  the  time  when 
only  a  few  marine  worms  crawled  on  the  mud  and  sand  of  the  newly  made  fihoreB  of  a 
great;  ocean,  through  a  period  when  there  weie  othes  low  forma  of  animal  stmotme,  and 
when  marine  vegetables  or  sea-weeds  abounded.  We  have  watched  the  appeazanoe  of  tiie 
new-comers  as. they  have  presented  themselves  one  after  another,  or  in  groups,  and  wse 
httre  seen  how  different,  and  yet  how  like,.1hey  were,  when  compared  with  ^te  present 
tenants  of  the  sea.  We  have,  in  this  way,  obtained  some  notion,  however  slig^t^  of 
the  first  doubtful  and.  misty  appearance  of  lig^t  and  life  in  the  morning  of  creatioii,  as 
such  appearance  has  by  slow  degrees  become  visible  and  appreciable  to  omr  aeBsea.  As 
time  went  on,  however,  the  trilobites--4he  terehratuUe— 4he  shell-fish  of  vaiiosa  kinds, 
one  after  another,  become  abundant  and  chameteristic,  and.then  died  away,  wilile  ^be 


Digitized  by  LjOOQiC 


LOWBB  SBGONDABX  8EBIES. 


91 


nmtiliiB  and  outtle  fiah,  or  imiimilH  nearly  allied  to  liiem,  reignad  imdisputad  lorda  of 
tho  ocean.  At  length,  howerer,  the  reign  of  tixoae  animals  alao  draws  to  a  doae^  and 
ftdbeft— creatmeB  more  highly  arganiaed— l)egin  to  appear.  At  jfirstthey  are  small  and 
poweile8%in'QoiDparisonwiththe  ezaatingmonafonQf  Hiedeep;  but  they  soon  inoreaaed 
both  in  nnmber  and  din)fln«ops»  and  aeem  to  hare  delighted  in'  the  troubled  ooean, 
in  wbish  iiie  great  depoaita  of  the  old  red  aandstoora  vere  fbrmed.  For  a  long  time 
tiie  leas  psorfeot  of  the  group  seemed  to  prerail ;  but  these  were  gradnidly  dlsplaoed, 
and  others  more  '?igoron8  and  more  poweiftil  svooeeded.  them,  and  flomiahed  tiU 
toiwaidftthe  cLoae  of  the  period- 
While  these  changes  were  going  on  in  the  sea,  the  lacod  also  was  attaining  a.  more 
perfect  adaptation,  and  becoming  prepazedfbr  tiie  lesidBnoe  of  animals ;  but  there  seem 
to  hare  been*  few,  if  any,  ofhiglL  ongamxatum,  eren  among  the  Invertebrata. 

Just  at  this  point  the  first  reptiles  appeared,  and  we  doae  the  present  portion  of 
vmr  hiaCory  with  a  distinct  intimation  that  the  great  woik  of  nature  was  progreaaing — 
that  the  earth,  long  the  habitation  of  one  group  of  animatfld  beings,  was  shortly  to 
reeeiye  upon  it  ancrther  series  possessed  of  higher  organization  and  greater  physical 
powers^  and  better  fitted  to  the  fbture  ceooditions  of  existence. 

SBOONDABY  BPOOH. 

Itow  WML  landJtoinc  SttftsB* — The  transition  from  PalaBoaeic  to  Secondaiy 
Toeks  is  by  no  means  strooi^y  marked,  by  any  sdnaral  peculiarities,  but  the  foaails&und 
in  them,  even  when  the  deposits  are  most  evidently  conturaons,  are  considsEBd  to 
justify  the  separation.  They  are  not  only  diffecent  in  minmte  pecnliaritiea,  but  indieafce 
a  total  change  in  the  chief  oonditiQns  of  existence,  and  probably  the  liq^ise  of  much 
time  between  the  termination  of  the  one  and  commencement  of  (he  other  scries.  This 
time  may  haye  been  lai^ely  oociqded  by  moremenls  of  depression,  aa  &r  as  tiie  chief 
European  and  American  dii^bnets  are  concerned;  but  it  is  certainly  remarkable  that  no 
distinet  paaaage  has  yet  been  traced  anywhere  frmn  the  lower  to  Ihe  uppat  part  of  that 
seriee  of  aandstones  which  was  first  deposited  during  the  PalaBOSoic  period,  and  after- 
WBvda  oontiuued  in  a  manner  exactly  similar  into  the  Secondary  period. 

The  new  red  sandsfamw,  or,  aa  it  is  often  called,  the  Triasaic  aeriaa,  wnlwA—^  wim 
fhily  dev«loped,  two  groups  of  aand^ocks  with  occasional  marls  and  much  mek^aalt) 
parted  by  a  bed  of  limestone.  The  lawer  sandatone,  called  in  Qermany  BwUer^MmdMnm, 
and  by  Uie  French  ^ris  higarriy  is  often  of  yariegated  colour,  and  contains  nnmenras 
finail  planta  and  a  few  sheUa.  It  is  tokrably  umform  in  its  mineral  character,  and  is 
Tory  widaly  spread  over  the  eaith'a  snrftee.  In  England  it  appears  aa  an  inegular  hand, 
parallel  to  and  neardie  coal  msasuxes,  with  which  it  is  almost  always  unconibrmable. 
It  ooeupies  a  large  tract  in  the  middle  of  our  island,  and  spreads  into  Deyonahire, 
North  Wales,  Lancashire,  Yorkshire,  and  Cumberland.  In  France  it  is  repeated  in 
smneseiDa  looalltaea,  its  chief  extension  being  on  the  flanks  of  the  Yoeges;  and  in  Ger- 
many it  is  yary  widely  spread,  especially  in  the  Duchy  of  Baden  and  the  Kingdom  of 
Wiirtemberg.  It  ranges  into  Poland  and  Buaaia  on  the  east,  and  into  Italy  on  the 
south;.  andconmpMidingbeda  of  the  same  age  are  known  to  cxiit  in  aeveral  of  the 
United  States  of  North  Ameriea,  and  in  yarioua  parts  of  the  Andes. 

A  calcareous  band,  passing  occasionally  into  a  thick,  well-deflned  foasiliferous  lime- 
stone^ frequently  cups  the  gH»  higarr^y  especially  in  Germany  and  some  parts  of  France. 
It  ia  called  nmtehdhalk  (or  shell  limertone),  and  in.  the  Duchy  of  Baden  attain*  a.thickr 
ness  of  nearly  a  thousand  feet,  being  eq[uiyalent  to  the  grsateat  thickness  of  the  under- 
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lying  sandstonos.  The  chief  foanls  of  the  new  red  sandstone  series  occur  in  this  lime- 
stone hand,  which,  however,  is  ahsent  in  England. 

The  upper  new  red  sandstone,  including  in  "RnglMtii  numerous  bands  of  marl  and 
large  deposits  of  salt,  and  elsewhere  remarkable  for  marls  of  Tarious  colours  {mmmu 
irisees  of  France,  and  keuper  of  Germany),  is  widely  spread  in  Worcestershire,  Cheshire, 
and  Deyonshire.  It  is  almost  always  nearly  horizontal,  and  reposes  unconformably  on 
the  coal  measures  or  other  Palsozoic  rodcs.  Besides  common  salt,  beds  of  gypsum, 
sometimes  very  thick  and  extensive,  are  found  with  the  sands  in  England  and  elsewhere. 
The  total  thickness  of  this  part  of  the  series  reaches  in  Germany  to  nearly  1,200  feet, 
and,  though  generally  without  fossils,  many  continental  localities  not  only  contain,  but 
are  rich  in  organic  remains,  chiefly  consisting  of  transported  shells  of  marine  animala. 

The  new  red  sandstone  was  long  remarkable  as  the  rock  which  contained  the  first 
distinct  proofs  of  the  existence  of  large  air-breathing  animals.  At  first  the  evidence  of 
this  was  confined  to  foot-prints  in  the  sand  rock,  supposed  to  have  been  made  by  birds 
and  reptiles,  but  since  then  the  actual  bones  of  many  reptiles  have  been  found,  and 
any  doubts  that  may  have  existed  on  this  subject  are  finally  set  at  rest  The  Laby- 
rinthodon  (see  p.  93)  affords  remarkable  proof  of  the  general  correctness  of  the  first 
impressions  of  competent  naturalists  on  this  head,  and  there  is  little  doubt  that  similar 
satisfiictory  proof  will  some  day  be  obtained  as  to  the  existence  of  birds  during  the  same 
period.  Footmarks,  at  least,  have  been  detected,  which  it  is  scarcely  possible  to  refer 
to  other  animals.  Besides  the  batrachian  or  fit>g-like  labyxinthodon,  of  which  there  are 
indications  of  several  very  different  varieties,  the  new  red  sandstone  also  contains  remains 
of  turtles  and  of  other  reptiles  of  curious  form  from  South  Africa.* 

The  total  number  of  extinct  genera,  peculiar  to  the  new  red  sandstone,  is  not  great; 
but  the  variety  is  considerable.  The  plants  differ  decidedly,  both  from  the  Permian  and 
carboniferous,  manifestly  approximating  to  the  newer  secondary  and  even  recent  t3rpe8. 
The  spongiform  and  coralline  bodies  are  few  {JSUUitpongiOy  see  group  of  fiwsils,  page  93), 
but  the  crinoidal  family  is  well  represented  by  a  peculiar  and  abundant  species 
{Enermitis  tnoniliformis).  The  star-fishes  are  also  peculiar  (UroiUr) ;  and  some  of  the 
bivalve  and  univalve  shells  {Myophona  and  Lottia)  are  sufficiently  remarkable, 
and  easily  recognised.  The  chambered  shells  {OeratiUt)  approach  the  ammonite,  having 
departed  completely  irom  the  older  type  of  goniatite ;  while  the  fishes,  of  which  the 
number  of  species  is  large,  are  also  altogether  distinct  from  any  of  those  found  in 
Permian  rocks. 

In  these  rocks  of  the  now  red  sandstone  or  triassic  period,  we  meet  with  distinct 
proo&  of  an  extended  coast  line,  and  the  actual  remains  of  the  fiora  and  fiiuna  of  the 
adjacent  land.  In  the  coal  measures,  the  plants  whose  vegetable  fibre  has  since 
become  coal  are  known  by  numerous  firagments,  and  we  have  also  these  and  fireshwater 
aTiimals  of  various  kinds ;  but  the  analogies  are  obscure,  and  the  flora  is  not  yet  made 
out  to  such  an  extent  as  to  justify  absolute  conclusions.  The  land  and  freshwater 
animals  also  are  confined  at  present  to  two  or  three  small  reptiles,  the  footprints  of  a 

*  It  ii  now  Mine  yean  sinoe  unmistakable  proof  has  been  afforded  of  tbe  existence  of  repCilcs  in 
the  ooal  measures,  and  it  has  long  been  felt  that  the  eTidenee  of  footprints  and  marUnga  on  sandstone 
-was  too  strong  to  be  qnestioBed.  The  first  actual  bones  were  obtained  from  Germany,  bat  since  ^cn 
others  haTe  been  described  from  Nova  Sootis,  and  latterly  trom.  the  Glasgow  coal.fleld.  All  these 
appear  to  be  referred  most  fitly  to  the  batrachian  or  frog.like  reptiles,  and  they  seem  to  have  attained 
their  highest  development  and  krgest  size  in  the  new  red  sandstone.  Most  of  the  oarboniferom 
speeies  are  very  small,  althoagh  the  one  flrom  Nova  Scotia  most  have  been  nearly  three  llset  long." 
See  •*Qaarterly  Geological  Journal,*'  vol.  ix.  (1653),  p.  68. 
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ME8T0un>  riousE  or  labtrxhtuoook,  with  vavu  of  roOTfEirrrs. 


F.NCUI^CITIS  MOMLIFOnXIS. 


STKLUfPOXOIl  YARlABtLIS. 


TB1A«8IC   LIXrKT. 

{Lottia  lineata). 


XTOFHomi4  ^^r«AT4. 


Digitized  by  VjOOQ  IC 


94  LIAB  BOOKS. 


supposed  bird,  ono  insect  (a  scorpion),  a  land-snail  (genus  Pt/^^y  and  a  few  cases  of 
minute  xarnstacea  and  riyer  shells  of  doubtful  character.  In  the  new  red  sandstone  the 
plante  include  izae  zamias,  and  approach  those  of  the  newest  secondaries,  while  the 
repffias  must  have  been  large,  numerous,  raried,  and  distinct,  and  the  sheDa  begin  to 


iiSL  fiiBse  points  are  important,  as  marlring  the  effect  of  time,  and  that  gradoal 
ftppwrrrinrmianm  towBrds  existing  nature,  which  becomes  more  manifest  as  we  advance 
towuflB'tiie  leeant'period. 

CoiqpBnd'with  the  older  rocks,  the  new  red  sandstone  is  but  slightly  disturbed  by 
faults,  or  eleyated  into  hill  and  mountain.  Being  frequently  soft,  and  containing 
marly  beds,  the  sands  yield  an  admirable  soil,  especially  for  herbage,  in  various  parts 
of  England.  This  sandy  character  is  remarkably  preralent  in  most  places  where 
the  rocks  of  the  period  have  been  recognised. 

Tttifwlc  flcsies.— The  passage  from  the  new  red  sandstone  upwards  to  the  lias  is 
seen  in  England  on  the  north  coast  of  Somersetshire,  where  a  white  micaoeons  sandstone 
OTcrlies  the  new  red  sandstone.  This  bed  often  abounds  with  fossil  remaias  of  fishes, 
and  in  that  case  is  blackened  by  the  ^presence  of  a  large  quantity  of  animal  bitumen. 
There  is  often  only  a  few  inches  ij^Jdiiflkness  of  .this  deposit;  but  it  retains  its  character 
for  a  loncr;diitance  through  Einjihnd.  Over  it  ore  the  calcare<Nis  flagstones,  called 
*^  lower ^lisB  Innestoncs,*'  altemating  with  s]iiUfl8,.iiiifl  iiasniing  the  lower  division  of  the 
lias. 

The  lias  itself  must  be  regarded  asthc  argiflaeeous'laus  of  the  whole  Oolitic  range, 
a  large,  varied,  and  important  series  of  rocks  as-ncogmsediin  England,  and  on  the  Con- 
tinent gensrally  called  Jurassic,  because  chisftf  dcTDAqpadon  the  mountains  of  the  Jura, 
between  France  and  SwitzctLand.  Token  as  :a  «canibiBed  group,  this  series  involves 
a  total  thickness  of  at  least  five^fliousand  feet,  of -whicfaithe  lias  forms  a  oonsidanhle  part, 
and  coosistB  chie&y  of  altemationB. of  limestone  and  day,  with  but  few  doptBite  xtf-sand, 
and  those  not  of  great  thickness.  These^deposits  together  mark  a  period  during  which 
a  good  deal  of  land  must  have  existed,  and  when  there  must  also  have  been  a  good 
deal  of  alternation  of  leveL  Numerous  fossils  are  found  in  all  parts,  varying  according 
to  the  circumstances  of  deposit,  and  affected  by  the  climate,  depth  of  water,  and  the 
nature  of  the  disturbances  of  the  district. 

These  beds  are  well  represented  throughout  Central  Europe,  and  are  repeated, 
though  less  extensively,  in  Asia,  and  in  NorUi  and  South  America.  Our  own  island  is 
especially  rish  in  indicatioBB  of  all  kinds  leading  to  a  knowledge  of  the  conditions  of 
the  cartii  dozingihiB  periafl.  The  general  arrangement  and  distribution  of  the  fossils, 
as  faroB  it  has  hesn  Attaffmined,  wQl  appear  in  the  following  description  \  but  it  will  of 
coune'bc  inQK)aB{ble'ix>:givQ  more  than  a  very  brief  account 

The  lowir  MsvdhA^'jdready  referred  to  as  the  base  of  the  aigillaceous  portion  of  the 
lias,  is  wall«aen«tliyme  Begis,  in  Dorsetshire,  where  it  abounds  with  characteristic 
foasils,  among  lAuoh  aie  many  of  those  remarkable  reptilian  remains  Sat  which  the 
ooliiic:io6ks4De  ao^aalL  knovni.  Among  the  shdk  there  is  one  espedsUyoSaaaeteristic 
{Oryphma  anmrtm  aeo  group  of  fossils,  page  95),  -whioh  gives  a  imme  ix>  jeme  of 
the  contempQiaiiaDus  beds  on  the  Continent.  This sh<m  closely  naamOes ano^nster. 
The  Ammoniies  iuulcaUu  is  also  a  species  met  wiih  chiefly  in  'tise  l<mer  'lias.;  but 
the  sheUs  of  this  genus  are  widely  distributed  throu^^ut  aH  fte  mifldle  .SBcandaiy 
rocks. 

The  peculiar  appeoiance  of  the  middle  lias,  as  a  blue  argillacsom  JiatisBtone,  often 
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striped  (whence  it  is  supposed  the  name  liaa  or  layers  is  deriyed),  and  abounding  with 
fossils,  is  well  shown  in  Gloucestershire  and  Leicestershire.  Kear  Cheltenham  there  is 
also  a  whitish-gpray  yariety  called  marlstone,  sometLmes  sandy  and  sometimes  more 
calcareous.  It  contains,  among  other  fossils,  numerous  remains  of  wood,  thick 
masses  of  encrinital  remains,  chiefly  of  a  genus  [Pentacrinus)  peculiar  to  these  beds, 
and  of  wide  extent,  some  sea  eggs  {Cidaris)^  many  biyalvc  shells,  as  well  of 
forms  resembling  existing  species  {Feeten),  as  those  ^more  common  in  the  old 
rocks,  and  now  dying  out  {Spirifer).  There  are  also  vast  numbers  of  ammonites 
and  belemnites,  the  latter  genus  of  chambered  shells  then  appearing  for  the  first  time, 
while  the  ammonites  are  also  unknown  eyen  in  the  new  red  sandstone,  except  in 
the  modified  form  of  ceratites — connecting  the  more  typical  forms  with  the  goniatites 
of  the  mountain  limestone  and  the  clymenia  of  the  Deyonian  rocks. 

The  fishes  and  reptiles  of  the  lias  range  throughout  the  whole  of  the  subdiyisions 
of  the  deposit,  and  eyen  extend,  either  by  identical  or  dosely-allied  species,  into  the 
upper  rocks  of  tho  middle  secondary  group.  They  may  therefore  be  regarded  as 
haying  belonged  to  the  period  generally,  and  cannot  be  properly  referred  to  as  peculiar 
to  any  part. 

The  upper  lias— often  worked  for  alum  at  Whitby,  on  the  Yorkshire  coast,  and 
hence  called  alum  shale— is  of  considerable  thickness,  and  contains,  amongst  its  deposits, 
a  thick  band  of  yogetable  matter,  in  which  are  found  lumps  of  jet — ^a  peculiar  mineral, 
consisting  chiefly  of  carbon  and  hydrogen,  and  no  doubt  of  organic  origin.  This  part 
of  the  lias  also  abounds  with  the  fossils  already  alluded  to  as  characteristic  of  the  whole 
series.  The  remains  of  fishes  and  reptiles  are  often  so  nearly  perfect  that  it  has  been 
found  possible  to  reconstruct,  from  the  skeletons  buried  in  the  rock,  the  complete  form 
of  the  animal,  and  thus  bring  again  into  yicw  those  organic  forms  which  baye  for 
myriads  of  years  been  extinct.  The  fish  and  reptile,  in  the  group  of  fossils  annexed 
(sec  page  9*5),  are  instances  of  the  mode  in  which  this  has  been  done,  merely  by- 
applying  to  the  fossils  a  competent  knowledge  of  comparatiye  anatomy. 

The  application  of  this  knowledge,  combined  with  a  great  amount  of  construe- 
tiye  talent,  has  produced,  in  the  grounds  of  the  Crystal  Palace  at  Sydenham, 
a  series  of  groups  of  restored  animals,  combining  the  interest  of  romance  with  tho 
strictest  regard  to  actual  tnith  of  representation.  It  is  impossible  that  any  one  can 
form  an  adequate  idea  of  the  effect  without  seeing  and  studying  these  singular 
and  striking  restorations,  which  include  almost  aU  those  species  in  which  there  ia 
sufficient  eyidence  of  form,  and  sufficient  difference  from  known  animals,  to  justify 
the  trial. 

Oolitic  Seiies.— The  oolitic  series,  as  exhibited  in  English  geology,  consists,  as 
has  been  already  said,  of  alternating  bands  of  limestones  and  clays,  with  yery  littlo 
interyening  sandstone.  The  limestones  almost  always  present  a  singular  appearance, 
being  made  up  of  yery  small  globules  not  unlike  tho  roe  of  a  fish,  whence  the  name 
roe-sUmey  locally  giyen,  and  translated  into  oolite,  as  a  scientific  term.  These  small 
particles  are  found,  on  careful  examination  under  a  microscope,  to  be  concentrically 
arranged,  with  some  minute  organic  particle  in  the  centre ;  and  they  are  assumed  to 
present  a  peculiar  kind  of  segregation,  not  unlike  crystalline  action.  The  limestones, 
although  usually  of  this  kind,  differ  considerably  in  colour,  hardness,  fossil  contents,  and 
eyen  in  the  extent  to  which  they  haye  undergone  crystalline  action.  They  aro  accom- 
panied by  clays  which  contain  some  peculiar  minerals  (as  fuller^s-earth),  but  which, 
for  the  most  part,  offer  nothing  remarkable. 
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The  following  is  the  gronping  of  tliese  rocks  in  detail : — 


Vrm.  OouTxs, . . 


MlDDLS  OoLxns, . 


(  Portland  stone. 
]  Portland  sand. 
(  Kimmeridge  day. 

'Upper  calo  grit. 

Coral  rag. 

Lower  calc  griL 

Oxford  clay. 

Kelloway's  rock. 


Lowxa  OOLITXS,  . . 


Combrash. 
Forest  marble. 
4  Great  oolite. 
}  Bradford  clay, 
j  Stonesfleld  slate. 
( Fuller's  earth. 
Uufcrior  oolite. 


The  inferior  oolite,  well  illustrated  at  Dundry  Hill,  Bridport,  and  Leckliampton,  in 
the  west  of  England,  is  also  yery  widely  distributed  in  France  and  elsewhere  on  the 
continent  of  Europe.  It  includes  some  building  stones  greatly  used,  and  some  iron 
ores  not  without  value.  In  the  west  of  England  the  available  portion  is  a  freestone 
forty  or  fifty  feet  thick,  which  is  separated  from  the  great  oolite  (so  called  as  containing 
the  principal  workable  beds  of  stone)  by  a  series  of  marly  beds,  clays,  and  calcareous 
Of  these,  the  clays  often  consist  of  what  is  called  FUUer^a  earthen,  variety 
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AMMOMITES  DVLL\TU- 


JAW   OF  OOLITIC  OrOSSVM. 


OTSABTxa  (a  ska  rmcuix  Faox  nvNDftT}. 


I  containing  a  large  percentage  of  water,  and  valuable,  from  its  highly  absorbent  qualities, 
;   in  the  manufacture  of  doth.    The  flagstones,  under  the  name  of  Stonajhld  tlaU,  are 
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known  to  be  singularly  rich  in  some  kindi  o£lbM3.nnnuAs;  among  Hie  most  ranorfcabk 
of  which  are  the  jaws  of  one  or  two  didelphine  animals  (opossums)  that  have  been  found 
there,  whilst  no  other  example  has  yet  been  met  with  of  quadrupedal  remains  in 
secondary  rooks  of  this  or  any  newer  date.  The  appeannee  of  these  little  fossils  will 
be  seen  from  the  figure  annexed.  With  them  are  associated  numerous  vegetable 
remains,  consisting  of  leaves  and  fruits,  some  remains  of  insects  and  crustaceans,  and 
many  fragments  of  fishes  and  other  marine  animals.  Thcve  are  also  bones  and  teeth, 
often  of  gigantic  proportions,  referred  to  land  reptiles,  including  both  vegetable  feeders 
and  carnivores. 

The  great  oolite  contains  the  celebrated  Bath-stone,  and  other  almost  equally  well- 
known  and  valuable  building  material.  It  abounds  also  with  fossils,  chiofly  univalve 
and  bivalve  shells.  Minchinhampton  is  a  particularly  rich  locality;  and  here  the 
corals,  sea-eggs,  ammonites,  belemnitcs,  and  terebratul®,  which  are  characteristic,  ara 
found  in  abundance.    Some  of  the  former  have  already  been  figured. 

The  Bradford  clay,  sometimes  alternating  with  and  sometimes  replacing  the  great 
oolite,  contains  a  bed  on  which  are  found  vast  numbers  of  fragments,  and  some  nearly 
complete  remains,  of  a  singular  crinoidal  animal,  called  ihe  apiocrinitc,  or  pear  encrinite* 
It  closely  resembled  a  species  figured  on  the  following  page,  but  was  shorter  and  pcrliapa 
rather  less  elegant  in  form.  The  whole  of  this  lower  series  is  represented  in  Yoik- 
shire  by  ifonstone  nodules,  and  hard  bluo  fossilifcrous  Hmestones. 

The  eomirMA  and  forest  mwhh^  covering  the  great  oolite,  consist  of  liuiealoBM  in 
vaiiottt  conditions,  often  decomposing,  but  sometimes  semi-crystalline. 

In  FhUkDe,  the  fine  and  valuable  limestones  of  Caen,  in  Normandy,  belong  to  tilii 
lower  part  of  the  oolitic  scries,  and  contain  similar  fossils ;  and  in  Germany  correspondmg 
beds  are  known  to  exist.  In  some  parts,  both  in  our  own  country  and  elsewhere,  the 
lower  oolites  contain  very  important  deposits  of  coal,  which  are  represented  in  York- 
shire (England),  and  extensively  worked  near  Richmond,  Virginia,  U.S.  The  coal 
fields  of  India  appear  to  include  some  beds  of  oolitic  age. 

The  middle  oolite  is  almost  as  varied  and  subdivided  as  the  lower*  Hie  KeUotcay 
rock,  which  has  been  long  known,  forms  the  base  of  the  deposit,  and,  though  paltry  in 
England,  assumes  importance  from  its  continental  development.  It  is  a  kind  of 
calcareous  sandstone,  abounding  in  organio  remains,  of  which  ^  OetnM  mar<A«i, 
Gryphaa  dUatata,  and  Amnumim  Jtmm^  arc  characteristic.  Thia  had  la  not  only 
widely  dtatnbated  in  FhoiM  wd  Geminy,  but  is  also  well  represenM  in  Cntch,  near 
Bombay. 

The  Oxford  day,  a  stiff  pale  blue  argillaceous  bed,  sometimes  attaining  in  England 
a  thickness  of  500  feet,  is  the  principal  member  of  the  middle  oolitic  series,  in  this 
country.  It  occiua  on  the  south  coast  at  Weymouth,  and  again  in  the  middle  and  east 
of  England,  in  the  great  lien  district  of  Cambridgeshire,  Huntingdonshire,  and  linooln- 
shirc.  It  tanget  thxou^  France  into  Switzerland  and  Gfonuu^y,  and  is  widely 
distributed  in  Itaaaia,  reaching  to  tha  ahona  of  the  Blaok  Sea  and  fbnning  the 
southern  eitranity  of  the  Crimea.    It  has  been  fbund  also  in  Aaia  Ifinor. 

Among  tha  IomiIa  of  this  deposit  aro  some  highly  interesting  crustaoeana,  and  many 
chambered  and  other  shells.  The  fishes  and  reptiles  of  other  parts  of  tha  oolites  extend 
here,  and  are  not  rare ;  but  the  organic  romains  are  often  filled  with  iron  pyrites,  which, 
decomposing  readily,  soon  destroy  all  trace  of  the  form. 

There  arc  often  calcareous  beds  intervening  between  the  Oxford  clay  and  another 
very  similar  and  also  thick  bed  belonging  to  the  upper  oolites.    The  most  persistent  and 
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distinct  of  these  is  a  coral  bank  of  no  great  thickness,  containing  often  a  good  many 
shells  and  some  encrinites ;  of  the  latter,  the  species  figured  on  the  preceding  page 
is  sufficiently  perfect  to  giye  an  accurate  idea  of  the  peculiarities  of  the  genus  of  which 
it  is  a  member.    The  corals  differ  but  little  from  many  eyisting  species.  > 

GROUP  OF  UPPSS  OOLITE  FOSSILS.  ( 


TRICOXIA  GIBD08A. 


CYCADKOIDEA. 


OavrHJU.  VIHGULA. 


SPINK  OF 
CIDARI8  OLAKDXrORM. 


In  the  absence  of  the  coral  rag  and  other  calcareous  members  of  the  middle  oolites, 
the  Kimmeridge  clay,  the  lower  part  of  the  upper  oolitic  series,  reposes  on  the  Oxford 
clay,  producing  in  that  case  the  fen  district  of  the  east  of  England.  It  is  characterized 
by  {he  Oryphaa  virffuloy  which  is  in  some  districts  (chiefly  in  France)  very  abundant, 
and  spreads  over  a  large  tract  of  country  in  western  Europe,  where  the  clay  and  lime- 
stones of  the  same  age  are  met  with. 

Numerous  reptiles,  of  which  turtles  and  alligators  were  the  most  common,  seem  to 
have  inhabited  the  seas  and  muddy  shores ;  but  these  differ  but  little  from  those  already 
alluded  to,  most  of  which  were  common  to  thf>  whole  secondary  period.  Like  those  of 
the  Oxford  clay,  the  fossils  from  the  Kimmeridge  beds  are  rarely  to  be  preserred  for 
any  considerable  time. 

The  Portland  beds,  consisting  chiefly  of  hard  limestones,  contain  some  beds  of 
admirable  freestone ;  and  these  alternate  with  thin  bands  of  a  brown  substance  resembling 
lignite,  and  called  locally  the  dirt  bed.  This  is  in  reality  an  ancient  soil,  on  which 
grew  numerous  trees,  some  allied  to  the  Cycas  and  Zamia  (see  Ct/cadeoideay  figured 
above),  and  others  more  like  trees  now  living  in  similar  latitudes.  In  the  Portland 
limestones,  which  are  very  limited  in  their  range  in  the  British  Islands,  there  are 
numerous  fish  and  reptilian  remains,  and  a  large  number  of  shells. 

The  north  of  Bavaria  exhibits  a  large  development  of  oolitic  rocks,  chiefly  of  the 
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kter  middle  and  newer  period,  amongst  which  aro  the  remarkable  and  valuable  litho- 
graphic limestones  of  Soluhofon,  rich  in  fossils  of  yarious  kinds.  The  fossil  cray-fiah 
{Eiyon  arctiformis)  (see  p.  99)  is  from  this  deposit,  and  numerous  other  remains  in 
singular  perfection  have  been  obtained. 

Wealden  Series. — ^The  close  of  the  oolitic  period  does  not  seem  to  have  been  marked 
in  England  by  any  violent  disturbance,  nor,  on  the  other  hand,  do  the  rocks  pass  insen- 
sibly into  those  of  the  cretaceous  series.  There  is  a  considerable  group  intercalated, 
manifestly  formed  under  fresh  water,  and  thus  marking  an  interval,  which,  in  spite  of 
careful  observation  on  the  Continent,  where  the  intervening  beds  are  absent,  has  not  been 
fully  accounted  for.  It  is  clear  that  a  large  tract  must  have  been  previously  elevated 
into  a  position  sufficiently  near  the  groimd  now  occupied  by  the  weald,  to  have  admitted 
of  tiic  accumulafion  of  those  large  fresh- water  deposits ;  and  we  may  fairly  assume  that 
there  certainly  was  a  large  extent  of  land,  though  it  may  not  have  approached  in  mag- 
aitude  many  existing  islands. 

The  vealden  deposits  conaiat  of  the  Purbcck  beds  (immediately  overlying  tho 
Portland  rock),  the  Hastings  sand,  and  the  weald  clay.     The  latter  is  in  its  turn  covered 

OAOUF   OP  WEALDEN   FOSSILS. 


CTTIIEHE   AUaiCULATA, 


TNIO   WALOSKBIH. 


by  the  beds  of  lower  grcensand,  finely  developed  in  the  south-east  of  England,  though 
&r  more  largely  in  various  parts  of  Continental  Europe. 

The  Purbeck  beds,  as  shown  in  tho  islands  of  Portland  and  Purbeck,  and  repeated 
io  other  parts  of  the  south-cast  of  England,  consist  of  coarsely  fissile  limestone  and 
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slaty  dayi,  of  ▼Mch  there  is  a  smgnlarly  numeroos  sltematioiL  Some  portions  of  the 
series  form  a  kind  of  shelly  marble,  formerly  much  used  in  cathedral  voik  for  small 
colmnns.  Most  of  the  beds  aboand  with  fossils,  chiefly  of  fresh-water  shells,  and 
nmnerons  fragments  of  turtles  and  some  reptilian  remains  prove  that  we  are  examining 
in  these  beds  accumulations  made  in  the  immediate  yicinity  of  land.  The  totid  thick- 
ness of  these  deposits  exceeds  126  feet;  but  they  are  confined  to  a  small  area. 

Oyerlying  the  Furbeck  bods  is  a  comparatiyely  large  series  of  sandy  deposits,  which 
forms  the  great  thickness  of  the  wealdcn  series.  The  Hastings  sand  is  the  name  com- 
monly given  to  these  beds  by  English  geologists,  and  they  have  also  been  called  Tilgate 
beds.  They  are  weU  shown  as  soft  sands  in  the  Hastings  clif^,  and  in  the  eavema  cut 
in  the  rock  close  by ;  and  as  hard  beds  used  for  building  stone,  they  are  quarried  in 
Tilgate  Forest  and  Tunbridge  Wells.  This  part  of  the  weald  occupies  a  large  space 
between  the  chalk  hills  of  the  north  and  south  Downs.  The  TOgate  beds  have  yielded 
numerous  fragments  of  some  of  the  most  remarkable  reptilian  fossils  yet  diseovered. 
The  iffuanotbn,  a  land  lizard,  whose  teeth  (see  page  101}  and  jaws  indicate  an  animal 
of  strictiy  herbivorous  habits,  but  exceeding  in  size  the  largest  elephant,  was  aecofm- 
panied  by  the  equally  gigantic  and  carnivorous  nugdhaaunUf  and  by  the  two  yet  more 
curious  reptiles,  the  hylaosaurus  21A  pterodactyl. 

To  form  any  idea  of  these,  the  reader  must  make  acquaintance  with  the  ancient 
world,  as  represented  in  the  grounds  of  the  Gryattl  Palace,  and  will  there  find  restora- 
tions of  tha  animals  sufficientiy  perfect  to  ilhuitnia  this  reptilian  epoch. 

The  WQtld  day,  a  band  of  argjlkoeoai  rod^  wHIi  some  poor  Hmestones,  containing 
fresh-water  shells  and  other  fossili  temwniiftnH  the  ireelden  series.  The  limestone, 
known  as  Sosaez  or  Petworth  nuoUe,  xenmUae  Ae  Fnrbeck  marble,  but  is  rarely 
more  than  a  foot  in  thickness,  and  is  only  paitiilly  used  fa  eoonomic  puipoees. 
The  clay  extends  round  the  whole  weelden  diitrfeti  hut  poiaeaaca  few  features  of 
interest. 

Lower  Gffeensand  Sezies.— Eaoept  in  theBes  Boulonnaia^  a  small  tract  in  Fnu$e 
exactiy  opposite  our  wealden,  with  whidlLit  oarzoq^onds  in  many  zespeots,  the  beds  of  the 
weald  are  not  repeated  in  Europe.  Nor  is  it  probable  that  there  thoold  be  any  mch 
repetition.  The  contemporaneous  beds|^  of  which  we  have  many,  were  probably  not 
deposited  like  these  in  a  river  estuary,  near  a  kige  tract  of  land;  and  ereai  if  they  were 
accumalafed  near  land,  wero  so  under  vdydifierent  circumstances.  Thusparts  of  extensive 
depcoita  in  Genaany  and  elsewhere  have  been  assumed  to  represent  the  wealdoi  in  point 
of  date,  hat  have  no  resemblance  whaterer  in  mineral  character,  and  Httle^  if  any,  in 
foBsil  ecffitftirtif.  ^Diey  merely  appear  to  be  intercalated  between  those  beds  whose  fossils 
prove  them  to  be  contemporaneous  with  the  upper  oolites  and  beds  of  the  age  of  our 
greensands  overlying  the  wealden.  The  marine  series,  connecting  the  oolitic  and 
Gietaceous  syrtems,  arc  for  the  most  p«rt  either  altogether  absent  or  veiy  imperfectly 
ropreaented  in  the  British  Islands,  as  a  natural  eonaequenoe  of  the  existence  of  large 
tracts  of  flu^^aeent  land  at  this  period. 

Araimd  the  town  of  Ncufch^tel,  in  Switzerland,  and  over  a  large  tract  in  France, 
are  deposited  those  beds  which,  from  the  former  locality  (Latin,  Neocomum),  are  callcwL 
neoeomian.  They  exhibit  in  some  places  a  thickness  of  as  much  as  10,000  feet,  and 
extend  not  merely  in  the  countries  already  mentioned,  but  along  the  shores  of  the 
Hediterranean,  and  throughout  Germany.  The  prevailing  rock  is  sandstone,  which  in 
many  places  contains  grains  of  silicate  of  iron,  giving  a  green  colour.  These  are  some- 
times replaced  by  the  peroxide  of  iron  communieating  a  deep  red  tint;  and  not  unfre-. 
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quently  on  the  Continent  the  percentage  of  metallic  iron  ia  sufficient  to  justify  the  use 
of  some  bonds  as  iron  ore.  Elsewhere,  howeyer,  the  iron  is  altogether  absent,  and  the 
rock  white  and  even  chalky  in  its  texture,  while  in  the  Alps  it  is  replaced  by  blackish, 
marly  limestones,  and  chloritic  limestones.  Owing  to  the  prevalence  of  the  green 
particles  in  rocks  of  this  age  in  England,  and  also  in  other  sandstones  a  little  higher  in 
geological  position,  the  name  lacer  and  upper  greenaanda  have  been  applied  to  the  two 
scries.  The  enormously  greater  development  of  the  former,  however,  and  its  wide 
distribution,  render  it  desirable  to  change  a  nomenclature  founded  on  imperfect  obser- 
vation. The  name  neocomian  has  thus  been  usually  adopted  of  late  years  in  speaking 
of  this  lower  member  of  the  cretaceous  series.  The  neocomian  fossils  include  a  large 
number  of  species,  showing  a  gradual  change  from  oolitic  types.  Besides  many  spongi- 
form and  coralline  bodies,  and  a  few  radiata,  there  are  numerous  shells  and  crustacean 
remains.  The  former  include,  amongst  bivalves,  several  pectens,  cardiums,  and  allied 
shells,  and  numerous  terebratule  (see  page  103).  There  are  also  some  singular 
shells  belonging  to  a  tribe  now  extinct  {Spharuliieajf  which  first  appear  in  the  cretaceous 
rocks,  and,  although  rare  in  these  lower  beds,  were  afterwards  more  common.  Several 
ammonites  and  the  remains  of  fishes,  amongst  which  may  be  mentioned  the  defensive 
fin  of  one  of  the  shark  tribe  (see  figure  of  lekthyodondite,  p.  103),  arc  also  found,  besides 
numerous  remains  of  reptiles,  some  of  gigantic  proportions,  and  generally  of  marine 
habits.  All  these  mark  the  close  resemblance  of  the  conditions  of  the  sea  widi  that 
which  obtained  during  the  oolitic  and  even  the  liassic  period.  Numerous  chambered 
shells  prove  the  existence  of  a  wide  expanse  of  shore  and  shallow  sea  in  some  districts ; 
while  elsewhere  the  great  thickness  of  the  deposits,  the  small  number  of  fossils  and 
their  nature,  render  it  probable  that  the  sea  was  extremely  deep. 

The  bed,  called  on  the  Yorkshire  coast  Specton  clay,  and  elsewhere  forming  the 
uppermost  capping  of  the  lower  cretaceous  series,  is  sufficiently  distinct  firom  the  great 
moss  of  neocomian  deposits  to  justify  a  separate  description.  It  has  sometimes  bccm 
regarded  as  belonging  to  the  middle  part  of  the  cretaceous  series,  and  usually  consists 
of  a  plastic  clay,  often  foliated  and  decomposing  on  exposure  to  the  air.  In  England 
it  is  of  no  great  thickness,  but  contemporaneous  beds  in  the  Alps  have  a  thickness  of 
upwards  of  600  feet.  It  is  widely  spread,  and  has  even  been  traced  so  far  as  at  Port 
Famine,  in  the  Straits  of  Magellan,  whence  fossils  have  been  brought  which  arc  referred 
to  this  period.  The  Ancyloeeras,  a  singular  modification  of  the  ammonite,  and  tho 
Thetitf  a  bivalve  shell  (see  page  10<5),  are  regarded  as  characteristic,  and  arc  found  in 
abundance  in  certain  localities. 

Oanlt. — A  very  well  marked  band  of  blue  clay  extends  everywhere  in  England, 
between  the  uppermost  beds  of  the  lower  green  sand,  or  neocomian  scries,  and  the  so- 
called  upper  greensand.  It  is  known  locally  as  the  ffault,  and  is  often  used  as  a  building 
clay.  Elsewhere  it  is  combined  with  pale  green,  or  whitish  sands  and  sandstones,  but 
is  tolerably  regular  as  a  transition  bed  between  the  uppermost  neocomian  and  chalk 
deposits.  Its  greatest  thickness  hardly  exceeds  one  hundred  and  fifty  feet.  It  was 
probably  deposited  in  a  shallow  sea,  near  shore.  The  Turriliie,  an  ammonite  with  an 
elongated  spire,  is  often  found  in  the  gault ;  and  corallines,  sea-urchins,  and  terebratulse 
(see  page  105)  are  also  abundant. 

Vppev  Oxeensand. — Somewhat  higher  in  the  scries  occurs  the  upper  greensand 
of  English  geologists,  well  exhibited  in  the  Blackdown  Hills  in  Devonshire.  This 
locality  has  long  been  remarkable  as  abounding  in  fossils,  many  of  which  are  almost 
confined  to  the  locality.    They  are  remarkably  well  preserved,  and  very  varied  in  their 
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natuBiik  Tbtjf  ladude  sponges,  sea-eggs,  nmneroiui  minute  foraiulMifttt»  biTalye  ahalla 
o£  immB  kindsi  vniyalTe  shells,  amnumitet  and  belemnites,  tnnilitet  onA  ]>^tiii».pg^ 
omtMMBiay  fhigments  of  fishes,  and  reptilian  remains.  A  group  of  aQBA  of  fhe  iftore 
remtskaHo  and  characteristic  will  be  found  anaoxed. 

Hw  £lackd<ywii  vpper  gfMnsand  is  reproMnted  on  the  Continent  \j  rnnnX  cbpoiKs 
in  Fraaoe,  by  parts  of  the  QnaderMmdetein  of  German  geologists,  the  npper  GarpttQilavi 
sandstone,  and  by  wyeral  not  unimportant  deposits  in  Portugal,  near  Lisbon,  end  fat  Spain 
(at  Oyiedo).  The  rest  of  the  upper  greensand  of  England  (the  flrestooe  of  MtnleiT)  ie 
of  the  same  date.  In  Spain  the  thickness  of  beds  of  this  period  ia  M  m&oh  ta  fliLoen 
hundred  feet,  according  to  the  estimate  of  M.  de  Yemouil. 

Extensive  beds  of  lignite  have  been  found  in  some  of  the  dopoiita  of  tfaU  period. 
There  has  evidcntiy  been  a  considerable  quantity  of  wood  and  other  TegetiUe  matter 
floated  down  with  mud,  and  more  or  less  injured  by  exposure.  The  beds  contain 
amber  or  foedl  resin,  and  much  of  the  wood  is  pierced  by  marine  won&i,  azideoTered  by 
oysters. 

Vpper  <hwUM«oiis  Seiles. — ^The  uppermost  member  of  the  whole  wwondyy  aeriea 
reposes  directiy  upon  thin  beds  of  marly  impure  sand,  and  white  or  gray  merl  usaally 
succeeds  the  upper  greensand,  passing  upwards  into  white  chalk.  In  Kit^em^  this  part 
of  the  upper  division  of  the  cretaceous  system  ia  represented  by  the  obalk  aaarl  and  the 
lower  chalk  without  flints,  but  elsewhere  it  forms  a  distinct  deposit  contaiaiag  numerons 
remains  of  that  very  remarkable  fosail  funily,  the  RudUtet,  already  alluded  to  in  speaking 
of  the  lower  greenaand  sphsBrulite.  The  ohalk  marl  is  so  far  developed  in  the  Touraine 
district  of  France,  that  it  has  been  received  among  French  geologists  e«  the  Turonian 
system.  It  is  also  seen  in  Spain,  where,  near  Oviedo,  the  thickness  is  stated  to  amount 
to  six  hundred  feet.  Besides  the  Rudists,  of  which  the  hippurtte  and  mwna  (see  page  109) 
are  good  examples,  there  are  numerous  chambered  shells,  including  some  ammonites 
of  gigantic  proportions.  The  small  trifmU  (aae  page  109)  is  characteristic  of  this 
part  of  the  chalk. 

Overlying  the  chalk  without  flinia,  which  is  generally  somewhat  impure  and  argil- 
laceous, we  have  tiie  pure  white  dialk  of  Englwid,  marked  by  flint  bands.  This  bed 
is  too  well  known,  both  in  its  minenl  character  and  diatxibution,  to  require  any  descrip- 
tion ;  and  it  extends  not  only  through  our  own  island,  from  Dover  end  Beachy  Head 
to  the  coast  of  Yorkshire,  but  crosses  the  Gennan  Ocean  to  Denmark  and  the  British 
Channel  to  Normandy,  whence  the  beda  are  continued  through  a  great  part  of  Europe, 
meeting  at  last  on  the  frontier  of  Asia.  Rocks  of  the  same  age,  but  of  different  mineral 
character,  are  found  in  North  America  in  various  localities,  and  extend  into  Central 
and  South  AaMtica.  The  total  thickness  of  the  white  chalk  reaches,  in  some  places,  to 
one  thousand  feet. 

The  ftaaila  of  the  white  chalk  are  aU  marine ;  but  they  are  abundant  and  varied, 
including  numeroua  qpongee  and  foxsminiferous  shells,  sea  eggs  and  aea  urchins,  bivalve 
shells  (of  which  Wg^tdtt  and  Flagiot^ma  are  both  common  and  charaoteEiatic),  and  uni- 
valve sheDa,  also  remarkable  (see  page  109).  The  chambered  sheUs  include  a  variety  of 
ammonztea,  and  allied  &rms  expanded  in  singular  shapes ;  and  one  genos  {fidtmnitei^^ 
very  common,  indeed,  among  all  the  secondary  rocks,  from  the  lias  upwarda,  appears  here, 
together  with  many  other  oophalopodous  shells  for  the  last  time.  A  species  of  nautilua 
(see  page  109),  Ibundintho  newest  chalk  deposits  of  Denmark,  and  a  large  marine  reptile, 
the  mesosaunis,  of  whiidi  remains  have  been  chiefly  found  near  Maestricht,  but  also  in  our 
own  chalk,  belong  to  the  newest  beds  of  this  series. 
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Bemoins  of  fishes,  and  of  several  of  the  large  reptilian  animals,  nearly  resembling 
those  of  the  oolites,  are  found  in  the  chalk ;  but,  in  addition  to  the  former,  there  are 
a  yast  number  of  fishes  introduced  for  the  first  time.  The  whole  deposit  of  the 
chaUc  seems  to  have  taken  place  in  deep  water,  when  there  was  a  remai-kablc  abun- 
dance of  calcareous  mud. 

The  chalk  has  always  been  regarded  as  the  highest  deposit  of  the  secondary  scries, 
and  is  certainly  the  last  formed  of  those  rocks  whose  varied  organic  contents  have  enabled 
naturalists  to  deduce  the  exact  conditions  of  the  particular  districts  during  the  timo 
when  the  deposit  was  progressing.  Strictly  speaking  also,  there  are  no  beds  hitherto 
found  lying  above  the  chalk,  and  showing  that  kind  of  transition  which  has  been 
recognised  in  other  cases  of  older  rocks  where  a  succession  exists.  But  although  this 
is  the  case,  there  are  extensive  and  thick  deposits,  containing  fossils,  either  corals  or 
foraminiferous  shells,  which  have  been  supposed  to  represent  the  period  that  elapsed 
after  the  completion  of  the  cretaceous  rocks,  and  before  the  overlying  tertiaries  were 
commenced.  Such  rocks  occur  in  the  Mediterranean.  The  ScagUa  and  Alderese  of  Italian 
geologists  would  seem  to  bo  strictly  representative  of  parts  of  the  cretaceous  scries ;  but 
the  Macigno  is  of  doubtful  age.  Some  of  these  rocks  have  been  originally  deposited  in 
very  deep  open  water,  with  a  comparative  paucity  of  fishes  and  the  absence  of  littoral 
species  both  of  fishes  and  molluscs.  i 

Recapitulation. — Having  now  considered  very  briefly  the  principal  deposits  that  in 
England  and  on  the  continent  of  Europe  succeeded  each  other  in  regular  order,  during  the 
whole  secondary  period,  it  may  bcT  weU  to  group  together  the  principal  facts,  as  far  as 
possible,  and  present  the  reader  with  a  kind  of  general  summary  of  the  conditions  of 
existence  in  that  part  of  the  world  at  present  occupied  by  our  island.  To  do  this,  we 
shall  have  to  appeal  a  little  to  the  imagination,  in  order  that  the  reader  may  picture  to 
himself  its  possible  appearance,  could  those  strange  scenes,  once  enacted  here,  be  recalled, 
or  could  a  reasonable  being,  like  man,  have  been  present,  as  a  witness,  at  the  com- 
mencement of  the  deposit  of  the  secondary  rocks.  At  this  time  the  earth  had  indeed 
long  existed  as  the  habitation  of  living  beings ;  but  we  are  here  first  made  acquainted 
with  the  actual  condition  of  the  land  and  with  the  animals  upon  it  and  near  it. 

We  may  first  imagine  a  wide,  low,  sandy  district,  by  the  sea  side ;  the  limestone 
hiUs  and  cliffs  now  rising  boldly  on  the  shores  of  the  Avon  and  in  Derbyshire  and 
Torkshire  had  then  been  recently  elevated,  and  formed  part  of  the  land;  and 
on  the  sandy  banks,  just  above  the  ordinary  level  of  high  water,  wandered  ancient 
and  singular  animals  of  which  a  few  fragments  only  have  been  handed  down  for  our 
observation.  Amongst  these  we  may  safely  enumerate  one  little  lizard,  with  a  bird-like 
beak  and  bird's  feet,  many  turtles  and  tortoises,  and  a  multitude  of  birds — some  larger 
than  an  ostrich,  others  as  small  as  our  smallest  waders.  In  South  AMca  there  were 
also  reptiles  of  considerable  size  and  in  great  variety,  whoso  two  tusks,  in  an  otherwise 
unarmed  jaw,  strikingly  distinguish  them  from  any  of  their  contemporaries. 

But  strangest  of  all  among  these  would  appear  the  gigantic  labyrinthodon,  and  its 
smaller  congeners.  One  of  these  animals,  nearly  as  large  as  a  rhinoceros,  comes 
leisurely  pacing  over  the  sands,  leaving  behind  it  the  vast  imprint  of  its  hind  feet,  con- 
trasting oddly  with  the  little  toes  of  the  fore  extremities.  One  of  the  smaller  of  these 
animals,  provided  with  a  long  and  thick  tail,  recognised  by  the  mark  with  which  it  has 
indented  the  soft  mud  it  passed  over,  may  have  sought,  perhaps  successfully,  to  escape 
from  the  attack  of  its  larger  but  slower  enemy.  Both  would  approach  the  water 
as  the  best  field  of  their  exertions,  and  we  should  soon  have  no  vestiges  of  their  having 
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been  present,  beyond  the  imprints  of  their  iati^  made  on  the  rippled  soitetof  tiM  ioaa- 
cious  mud,  as  they  passed  along. 

Of  the  plants  of  the  new  red  sandMono  pwio^  there  is  quite  mffiiMrBt  iiiftTiMUrm 
to  enable  ub  to  assume  with  confideaot  that  thej^  differed  eonateiUy  fnm  ihxmb  oi 
the  cool  period,  but  that  still  fern  vegetation  wai  ahimdant.  CUoutea  alto  tenained^ 
though  in  a  modified  form.  AVc  knotr  of  no  inaecta  or  quadrupedal  attfaou^  thoy  pio* 
bably  existed. 

Tbo  nwfaaifcfl  maris  de- 
posited and  conk  down  to 
form  m  aea  bottom,  and 
the  oky  of  the  Itas  being 
in  course  of  depondon, 
we  have  a  imw  order  of 
things,  and  a  very  differ- 
ent arrangement,  in  con- 
sequence of  the  prevalence 
of  argillaceous  mud,  in- 
stead of  sandsi  in  the  de- 
poaita.  AindaezpaBBeof 
g«l(  of  so  great  disf^ 
waa  being  filled  witli  mft- 
terial  peihapa  bron^t 
down  by  one  or  more 
large  rivers.  The  climate 
was  warm,  the  vegetation 
on  the  shores  rank  and 
luxuriant.  Trunks  of  trees, 
oooatantly  carried  away 
by  'alterations  in  the 
I  and  deltas  of  the 
ere  continually 
driltad  off  into  the  gulf; 
aad  attached  to  them 
irooUba  fbund  large  dua- 
ten  of  Fmtaerinitety  col- 
lected like  bunches  of 
barnacles  on  the  drift 
wood.  These  singular  ex- 
tinct iimi"*"^  the  reprc- 
aentitiveBi  perhaps,  of 
otheia  now  eq^uaUyaUaa- 
dant,  bat  of  dillbient  ap- 
pearaaoa,  were  providicd 
with  means  of  socretini^ 
ata&y  portions,  which, 
VKXTAcaisx*  fAsciccaMos.  when     fitted     togc^er, 

formed  a  moveable  stone  column,  thickly  fringed  with  branches  amilarly  provided,  a^d 
terminated  by  a  cap  made  also  of  stony  plates  fitting  together,  forming  a  stomach  partly 
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dosed  bj  a  proboaois,  alio  defaadiA  With  inMumerable  anas,  wida]/  axtended  in  a 
oowplicated  fiiufBi  this  maai  of  liying  ttono  laema  to  haTa  senred  ai  one  of  the  acav en* 
gan  of  the  deep^  xemormg  and  ■Miiniliting  the  half-daoonq^ofed  animal  matter,  that 
would  otherwise  haye  proved  ii^jurioua  to  the  inhahitanta  of  the*  surrounding  land. 

While  the  peatacrinite  thos  floated  about,  oonyeyod  by  the  drift  wood,  the  oysters  of 
that  time  ware  planting  themselves  at  intervals;  and  the  tereWatuls  and  apirifers,  assisted 
bj  numerous  crabs  and  other  crustacean  animals,  appear  to  have  found  ample  Ibod  in 
these  aeaa  swanning  with  life.  But  of  all  the  invcrtebrata,  with  the  exception  perhaps  of 
thai  «i»g«i>«r  tribe  just  described,  none  would  bo  more  prominent  or  actively  employed 
timn  the  inhabitants  of  those  many-chambered  shells  that  have  already  been  several 
I  alluded  to  as  highly  characteristic  of  the  secondary  period.  Of  thne  a«imQ]if  the 
and  the  tumtilut  were  then  abundant ;  and  the  variety  of  forms  presented  by 
the  iarmer  genus  is  only  less  remarkable  than  the  number  of  the  remains  of  individuals 
whidi  are  found  throughout  the  lias  collected  in  particular  localities.  These  creatures, 
partlj  inclosed  in  their  shells,  floating  and  swimming  at  various  depths,  and  aocom* 
panied  by  the  yet  more  powerful  and  rapacious  bel4nimUf  rendered  the  moUusca  a  very 
important  group  at  the  period  in  question. 

The  shores  and  shallows,  and  probably  also  the  open  sea  to  some  distance  from  land, 
were  at  this  time  peopled  by  multitudes  of  moderatc-sixed  flshes,  varying  from  a  few 
isehes  to  three  or  four  feet  in  length,  living  chiefly  on  the  crabs,  lobsters,  and  shell-flsh 
of  various  kinds,  which  we  have  reason  to  know  were  extremely  abundant  These 
flshea  had  a  hard,  BoUd  pavement  of  teeth  covering  the  palate,  to  crush  the  shells  and 
stony  cases  of  their  prey.  They  were  themselves  also  inclosed  in  a  strong  enamelled 
azmonr,  and  perhaps  fed  not  only  on  ofEid,  and  on  the  less  powerful  invertebrata,  but  on 
each  other.     Fur- 


ther oat  at  sea  were 
BibeB  of  aharks,  of 
vazioas  sixes  and 
different  species, 
but  all  Toracious 
and  predaceous  in 
tiie  hig^t  degree, 
and  some  of  them 
attaining  very  large 
dimensions.  No 
fishes^  anoh  as  are 
BOW  most  com- 
mon about  our  own 
or  the  neighbouring 
■horea,  then  ex- 
isted on  the  earth. 
But  tlie  fishes, 
aUhough  repre- 
sented by  a  power- 
fill  and  important 
gpmpj  had  ceased 

to  be  the  lords  of  creation  in  the  lias  seas.     From  the  banks  and  shoals,  crowded  with 
myiiads  of  living  beings,  the  great  Fladosaurus,  vdih  its  long  neck  and  small  wedge- 
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shaped  head  lifted  high  in  the  air,  might  bo  seen  paddling  rapidly  along,  plunging  into 
the  deep  water,  and  there,  like  the  fabled  sea-seixtent,  darting  through  the  waves,  and 
occasionally  striking  with  unerring  aim  at  its  prey,  consisting  probably  of  ^i^iSM, 
turtles,  and  the  larger  cuttle-fish  and  other  cephalopoda,  which  were  so  plentifuL 

Next,  let  us  picture  to  ourselyes  some  of  the  deeper  abysses  of  the  ocean,  and  seek 
for  the  powerful  and  rapacious  monsters  whose  abundant  remains  prove  how  important 
was  the  part  they  then  played.  Prowling  about  far  below  the  surface,  but  wifli  an  eye 
glaring  upwards,  like  a  large  globe  of  fire,  the  ichthyosaurus  may  be  supposed  to  dis* 
tinguish  the  work  going  on  above,  and  watch  the  plesiosaur  in  its  search  after  prey. 
Suddenly,  and  with  one  stroke  of  its  powerful  fore-paddles,  and  the  powetful  action  of 
its  huge  tail-fin,  it  rises  with  the  velocity  of  lightning  to  the  surface ;  its  vsst  month, 
lined  with  formidable  rows  of  teeth,  opens  wide  to  the  full  extent ;  it  overtakes  the 
object  of  its  attack,  and  with  a  motion  quicker  than  thought  the  jaws  close,  and  perhaps 
some  plesiosaur  faUs  a  prey.  Kot  always,  however,  would  it  fall  a  resistless  prey,  or 
die  unrevcnged,  for  there  con  be  little  doubt  tliat,  with  the  advantage  of  xx>sition,  the 
stroke  of  the  head  of  this  slight  but  active  reptile  might  occasionally  reverse  the 
picture,  and  insure  victory  to  tbe  less  powerful  of  the  combatants. 

The  plesiosaurus  and  ichthyosaiuiis  were  but  two  of  several  genera  of  large  reptiles 
whose  more  or  less  aqiiatic  habits  have  been  the  cause  of  their  remains  being  preserved 
in  the  lias.  Some,  as  the  teleosaurus,  resembled  the  ffarial,  or  crocodile  of  the  Ganges, 
and  were  more  abundant  in  more  modem  deposits— others,  such  as  the  pterodactyl,  being 
dependent  on  land  to  some  extent,  are  rarely  met  with.  Probably  many  of  the  new 
red  sandstone  reptiles  extended  into  the  lias,  and  ranged  through  the  whole  period ;  but 
these  were  chiefiy  confined  to  shoals  and  low  flat  shores,  and  are  thus  not  found  in  the 
deep  water  mud. 

After  the  termination  of  the  deposit  of  that  great  mass  of  calcareous  mud  just 
described,  and  when  the  transition  to  the  true  oolitic  period  commenced,  we  find  distinct 
intimation  of  the  near  presence  of  land  clothed  with  vegetation,  consisting  cbiefiy 
of  zamiaa,  cyeadea,  and  some  coniferous  trees.  At  this  time  there  commenced  a  deposit 
of  fine  calcareous  mud,  which  was  tolerably  uniform  from  the  north  of  France  to  the 
coast  of  Yorkshire,  but  was  from  time  to  time  modified  according  to  alternations  of 
level  in  the  general  area  of  the  land.  Not  very  long  after,  islands  appeared  on  what  had 
hitherto  been  open  sea ;  and  these  islands  became  in  course  of  time  the  dwelling-place 
of  small  land  ftniTT^fllg. 

The  condition  of  the  surface-bottom  of  the  sea  being  at  this  time  favourable  for  the 
full  development  of  the  lower  marine  animals,  both  in  number  and  variety,  we  fuAxnd- 
ingly  now  find  whole  beds  of  shelly  limestone  made  up  exclusively  of  the  debris  of 
such  creatures ;  and  any  one,  who  will  examine  carefully  the  common  building  stone 
obtained  from  these  deposits  in  Northamptonshire  and  Oxfordshire,  and  even  near  Bath, 
will  find  these  almost  exclusively  present  wherever  the  little  egg-like  structure,  which 
has  since  been  assumed,  does  not  conceal  them.  During  this  time  there  were  many 
fishes,  chiefly  those  living  near  shore,  whith  also  have  left  marks  of  their  existence ; 
and  in  some  of  the  beds  are  leaves  of  trees,  wing-cases  of  beetles,  and  the  bones  of  land 
animals. 

After  about  three  hundred  feet  of  such  strata  were  deposited  in  the  west  of 
England,  we  find  beds  which  were  manifestly  formed  in  the  immediate  proximity 
of  land;  and  it  is  interesting  to  speculate,  as  we  are  in  a  condition  to  do,  on  the 
possible  nature  of  its  inhabitants.    Let  us  endeavour  to  recall  some  of  the  win 
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pointB  that  might  tiicn  hayo  attracted  attention,  as  difioring  from  tho  prettnt  condition 
of  European  land. 

Let  us,  then,  imagino  ounclyes  placed  on  some  projecting  headland,  commanding 
a  view  of  the  open  sea,  which  at  that  time  covered  the  greater  part  of  our  ialand,  and 
permitting  us  to  watch  the  progress  of  events  near  some  low  flat  island,  a  sandy  shore 
of  tho  oolitic  period,  on  which  a  few  palms  are  seen,  and  which  present  a  hack-ground 
of  pines  and  ferns  towards  the  interior  of  the  country. 

Here,  near  the  shore,  would  appear  one  of  those  crocodilian  animals,  with  its  long, 
slender  snout,  and  fin-like  extremities,  admirahly  adapted  to  swim  and  obtain  prey  in 
the  water,  but  hiding  in  the  mud,  and  lying  for  hours  like  the  trunk  of  a  tree  on  the 
muddy  bank. 

At  a  little  distance  in  the  shallow  water  nimierous  representatives  of  the  plcsiososaur 
and  ichthyoeaur  would  bo  seen,  and  with  them  somo  curious  forms  of  reptilian  ftnimola^ 
combining  some  of  the  peculiarities  of  these  two  genera.  We  may  imagine  one  of 
these,  the  pliosaurus,  as  it  advances  its  great  mass  through  the  water.  Its  huge  lizard- 
like head  contrasts  strangely  with  the  flsh-like  body  which  is  attached  to  the  head 
without  an  intervening  neck,  and  the  absence  of  a  powerful  vertical  tail  is  fully  mode 
up  by  the  extremities,  which  are  several  feet  in  length,  and  admirably  adapted  to  be 
used  as  fins.  With  one  stroke  of  these  fins  we  see  the  whole  enormous  mass  shoot  along 
with  terrible  rapidity;  and  a  large  shark,  pursuing  and  feeding  upon  other  prey^ 
in  a  moment  falls  a  victim  to  the  greater  strength  and  activity  of  this  marine 
monster. 

Quitting  the  prospect  thus  presented  at  sea,  let  us  next  turn  our  eyes  towards  tho 
land.  Hero  the  long-snouted  crocodilo,  whom  we  before  observed  gorging  himself 
with  the  fish  in  the  shallow  bay,  sleeps  either  half  buried  in  the  mud  on  shore  near  a 
jungle,  or  in  an  estuary.  His  length  is  perhaps  18  or  20  feet,  and  he  is  admirably 
contrived  to  swim  and  dive,  and  attack  his  prey  in  tho  water;  but  on  land,  like  many 
ftTiim^lft  of  this  kind,  he  is  more  helpless.  Now,  however^  the  crashing  sound  accom- 
panying the  motion  of  a  heavy  animal  through  brushwood  is  heard  approaching 
rapidly;  and  soon  a  monster  is  seen,  taller  than  an  elephant,  but  not  provided  with  a 
long  trunk  to  twine  about  and  pull  down  the  branches  of  trees.  Instead  of  this  wo 
perceive  a  prodigiously  long  and  powerful  but  narrow  snout,  armed  throughout  with 
the  most  singular  arrangement  of  sharp  and  strong  knife-like  teeth.  Onward  comes 
this  giant  of  the  plains.  To  its  head  is  attached  a  moderately  long  neck,  and  a  body 
half  as  long  again  as  that  of  tho  elephant,  and  thick  and  massive  in  proportion.  Huge 
living  columns  support  this  body,  and  arc  based  on  feet  each  of  them  large  and  strong 
enough  to  crush  a  dozen  pigmies  like  ourselves.  With  one  stroke  of  its  fore  feet, 
armed  with  powerful  claws,  the  gorged  crocodile  is  struck  dead,  and  it  is  soon  devoured, 
as  if  such  a  meal  was  scarce  worthy  of  consideration. 

But  lot  us  now  turn  aside  onco  more  and  contemplate  yet  another  scene.  Still 
remaining  near  tho  shore,  but  looking  at  tho  land  rather  than  the  sea,  let  us  watch  tho 
golden  beetles,  the  beautiful  dragon  flios,  and  other  insects,  as  they  flit  post  in  all  the 
brilliancy  and  chcerfiilness  of  luxuriant  nature.  Tho  lofty  trees  are  woven  together  by 
thick  underwood,  and  the  open  ooimtry,  where  it  is  not  wooded,  is  brown  with  the 
I  numerous  ferns  which  are  distributed  abundantly  in  extensive  groups.  Here  and  there 
we  see  a  tzee  overturned  and  lying  at  its  length  upon  the  ground,  preserving  indeed  its 
^f(^^  but  thoroughly  rotten,  and  serving  as  the  retreat  of  tho  scorpion,  tho  centipede, 
and  fimilnr  noxious  insects.    A  few  small  quadrupeds,  about  the  size  of  rats,  may  be 


INOROANIC  NATURE.— No.  IV. 


Digitized  by  LjOOQiC 


114 


BEAS  AND  LAND  OF  THE  8EG0KDABT  PERIOD. 


diBtingniflhed  at  interTals,  timid  eren  in  the  absence  of  danger,  and  scarcely  yentonEig 
to  appear  without  the  greatest  precaution.  These  feed  upon  the  grubs  and  larre  ci 
the  flying  insects,  and  on  the  rarious  species  that  live  upon  or  burrow-  under  the 
ground. 

What,  however,  is  the  strangely  formed  animal  that  now  appears  running  along 
upon  the  ground  like  a  bird,  its  derated  body  and  long  neck  not  covered  with  feathers, 
but  with  skin,  naked  or  resplendent  with  glittering  scales,  its  head  like  the  head  of  a 

lizard  or  crocodile,  and 
of  a  size  almost  pre- 
posterous compared  witii 
that  of  the  body,  and  its 
long  fore  extremities  so 
oddly  stretched  out  and 
connected  by  a  mem- 
brane with  the  body  and 
the  hind  legs?  Sud- 
denly this  creature  runs 
rapidly,  and  soon  over- 
takes the  little  quadru- 
ped, and  in  spite  of  its 
precautions  presently 
devours  it. 

Soon  another  strange 
phenomenon  is  pre- 
sented— a  mailed  crea- 
ture in  the  air,  of  no 
contemptible  size,  and 
realizing,  or  even  snr- 
passing  in  strangeneaa^ 
the.  mythological  aecounts  of  the  flying  dragon,  and  the  pictures  given  by  the  Chinese. 
This,  however,  is  merely  the  flying  reptile  whose  terrestrial  appearance  we  have  just 
described.  It  is  the  pterodactyl ;  its  fore  arm,  hand,  and  finger  extended,  and  the  inters 
space  filled  up  by  a  tough  membrane;  its  head  and  neck  stretched  out  like  that  of  the 
heron  in  its  flight,  and  the  creature  from  time  to  time  seizing  the  insects  which  it 
pursues,  and  devouring  them  with  avidity.  Perhaps  this  monster  might  occasionally 
be  seen  flying  towards  the  sea  and  there  darting  down  on  some  devoted  fish,  or  even 
diving  beneath  the  surfiioe  in  search  of  prey,  and  exhibiting  the  most  singular  and 
perfect  combination  of  locomotive  powers  yet  known. 

With  variations  considerable,  no  doubt,  and  important,  aflbcting  more  or  leas  the 
nature  of  the  deposits,  and  for  that  reason,  modifying  the  inhabitants  of  the  sea,  the 
picture  above  given  may  be  received  as  one  neither  fiilse  nor  exaggerated,  however 
imperfect,  and  as  characterizing  the  whole  of  the  long  period  during  which  tiie  seriea 
of  the  oolites  was  in  course  of  deposition.  From  time  to  time  coral  islands  seem  to 
have  been  formed,  but  these  are  local  and  rarely  extensive ;  at  other  times  large 
quantities  of  mud  were  poured  into  deep  water,  burying  and  preserving  the  remains  of 
animals  in  remarkable  perfection ;  and  occasionally,  but  much  more  rarely,  sands  were 
deposited.  These  beds  went  on  alternating  with  one  another,  I3ie  limestones  being 
always  preponderant ;  and  the  undulations  of  the  sur&co,  which  pennitted  so  long  a 
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■eries  of  depodts,  at  length  seem  to  have  teiminated  by  the  pxoduotioa  of  a  Tvry 
eocteDtiTO  tract  of  dry  land,  Uftiiig  up  the  andent  bed  of  the  oolitio  sea,  and  at  onoe 
prerenting  fttrther  deposits. 

This  Tieir  is  saggested  by  the  evident  proximity  of  land  during  the  later  oolitic 
period,  not  only  with  reftrence  to  the  deposits  going  on  in  the  British  Islands,  bat  also 
those  eovaring  a  portion  of  Northern  Europe.  It  is,  howeyer,  limited  to  certain  parts 
of  these  districts,  and  does  not  appettr  to  be  appHoable  beyond  them ;  and  indeed  it  is 
probable,  from  the  nature  of  the  deposits,  that  in  Southern  Europe  and  Asia  Minor  the 
contrary  was  the  case,  and  that  ihe  sea  was  there  beooming  deeper,  and  reoeiTing 
gradually  ibwer  and  Ibwer  ooast  deposits.  But  with  regard  to  the  northern  and  westom 
districts,  we  hare  evidence  singularly  distinct  and  satisfiBu^tory,  that  just  at  the  close  of 
the  deposit  of  that  uppermost  bed  of  oolites  which  oocurs  in  ihe  island  of  Portland,  the 
alternations  of  level  were  numerous,  and  at  no  very  long  interval;  perhaps  resembling 
in  this  respect  what  is  now  taking  place  at  the  mouth  of  the  Indus,  where,  in  Gutch,  a 
considerable  tract  of  land  has  been  alternately  lost  and  gained  even  within  a  few  years. 
In  England  also  (formerly,  as  now  in  India),  there  were  great  rivers,  and  probably 
deltas,  and  when  the  sea  bottom  was  finally  elevated  to  form  dry  land,  a  mass  of  sandy 
beds,  corresponding  with  what  is  now  in  course  of  formation  under  similar  circum- 
stances, seems  to  have  been  deposited  at  the  embouchure  of  this  great  stream,  which 
must  have  proceeded  through  a  land  abounding  with  vegetation,  and  containing 
numerous  ftP<!wtfiT  of  large  size. 

The  land,  however,  which  had  long  been  advancing  steadily,  gaining  on  the  sea 
in  these  latitudes,  received  about  this  time  a  check,  and  a  great  change  took  plaee, 
at  first,  perhaps,  by  alternations  of  level,  but  soon  by  rapid  and  decided  depression. 
Deep  sea  soon  covered  the  whole  tract  to  the  east  and  south--Ta8t  quantities  of  fine 
chalky  mud  were  deposited,  probably  from  neighbouring  coral  reefs ;  and  a  very  long 
period  elapsed,  during  which  the  great  masses  of  sandy  and  calcareous  beds,  induding 
amongst  them  the  whole  of  the  chalk,  were  gradually  accumulated.  Still  land  was 
near,  for  wo  find  among  the  chalk,  a  distinctly  mnine  depodt— fragments  of  bone  whidi 
seem  to  prove  beyond  a  doubt  that  not  only  was  the  pterodactyl  then  still  remaining, 
but  that  some  true  birds  not  unlike  the  albatross  had  also  been  introduced. 

Considered  as  a  whole,  the  secondary  period  will  now  be  seen  to  possess  a  well 
marked  and  very  distinct  group  of  animals  and  vegetables,  exceedingly  different  in 
general  aspect,  no  less  than  in  the  details  of  specific  character  from  the  more  andent 
period.  This  difference  consists  partly  in  the  replacement  of  a  number  of  strange  ibrms 
of  animals  and  vegetables  by  others  more  resembling  those  now  living;  but  it  consists 
alao,  and  in  a  iar  more  striking  way,  of  the  presence  of  one  highly  important  group 
of  animals — one,  in  fact,  of  the  great  divisions  of  the  animal  kingdom — ^in  such  singu- 
lar variety  of  form,  such  relative  numerical  abundance,  and  so  distinctly  representative 
of  the  more  highly  organised  races  afterwards  introduced,  as  to  render  it  almost  certain 
that  the  absence,  or  great  rarity,  of  true  quadrupeds  is  not  acddental,  nor  the  result  of 
our  imperfect  knowledge,  but  a  real,  and,  if  so,  a  very  important  fact 

The  corresponding  characteristic  of  the  former  and  earlier  period  is  seen,  as  already 
described,  in  the  great  devdopment  of  the  race  of  fishes,  which  then  represented,  and 
were  afterwards  replaced  by  the  reptiles.  It  is  this  substitution  or  representation  of 
one  class  for  another  which  gives  completenoss  and  fulness  to  our  picture,  and  renders 
it  piobaUa  that  we  really  have  a  tolerable  sketch  of  th»  whole,  and  not  a  men  highly 
edoored  representation  of  the  events  passing  in  a  single  area  in  epaoe^  orduringadiort 
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period  in  time.  By  means  of  such  compantire  views,  too»  wo  obtain  an  idea  of  the 
general  bearing,  the  harmony,  the  symmetry,  and  the  perfectness  of  each  group,  and 
thus  attain  in  the  end  more  distinct  and  rational,  and  less  exaggerated  views  of  the 
diffiareneea  and  resemblances  of  created  beings  at  widely  distant  periods  of  time. 

In  concluding  the  account  of  this  period  of  reptilian  preponderance,  and  especially 
when,  in  order  to  exhibit  something  of  the  habits  in  their  most  striking  modes  of 
action,  it  has  been  necessary  to  describe  scenes  of  carnage  and  horror  probably 
enacted  at  the  time  referred  to,  it  is  right  to  remember  how  perfectly  accordant  are 
such  scenes  with  the  bencTolence  as  well  as  the  wisdom  of  the  great  Author  of  Nature. 
They  are,  in  fact,  results  compatible  with  the  perfect  goodness  of  the  Creator,  and  they 
cannot  be  considered  to  inyolye  any  needless  suffering.  For  ouiselyes  as  human  beingSy 
and  constituted  as  we  are,  looking  on  death  as  a  punishment  that  must  be  endured,  and 
always  earnestly  bent  on  warding  it  off  as  long  as  possible,  any  premature  and  violent 
termination  of  life  seems  to  involve  pain  and  misery.  But  this  is  by  no  means  the  law 
of  nature  as  regards  animal  life  in  general ;  and,  on  the  contrary,  the  very  exuberance 
and  abundance  of  life  is  at  once  obtained  and  kept  within  bounds  by  the  voracity  and 
predaceous  habits  of  certain  tribes. 

A  lingering  death— a  natural  and  slow  decay  of  those  powers  which  alone  enable  an 
animal  to  enjoy  life — ^would  unquestionably  be  an  arrangement  finaught  with  suffering 
in  the  case  of  beings  not  endowed  with  reason,  and  not  assisting  one  another.  It  would 
be  cruelty,  because  it  would  involve  hopeless  suffering.  A  violent  death  is  to  unrea- 
soning animals  the  easiest  and  the  most  natural  termination  of  life;  and  it  has  mani- 
festly been  ordained,  from  the  beginning,  that  in  order  to  insure  the  greatest  amount 
of  enjoyment  of  life,  there  should  be  a  never-failing  and  ample  succession  of  individuals 
and  species,  the  vegetable  world  providing  food  for  some  races,  but  the  greater  number 
taking  horn  animals  of  lower  organization  the  more  directly  available  food  which  they 
had  prepared ;  or,  on  the  other  hand,  preventing  animal  matter  once  elaborated  from 
being  dissipated,  or  entirely  decomposed,  by  taking  up,  even  in  its  very  last  stage,  the 
minutest  organic  fragments,  and  bringing  tiiem  back  to  the  realms  of  life. 

TBRTIAKT  EPOCH. 

The  rocks  above  the  chalk  are,  and  have  long  been  designated  as  tertiary.  In 
England  they  include  but  a  small  and  very  imperfect  series;  but  elsewhere  they  aro 
developed  to  an  extent  and  thickness,  in  some  places  equalling,  in  others  fer  surpassing, 
those  of  the  older  and  underlying  systems.  Since,  however,  the  more  important  sub- 
divisions are  foreign,  there  was,  for  a  long  time,  a  comparative  neglect  of  tertiary  rocks 
in  our  own  country,  and  the  actual  relative  position  of  those  we  have,  has  been  only 
decided  within  a  very  recent  period. 

Following  a  nomenclature  which  has  been  found  convenient  in  the  other  epochs,  it 
will  be  desirable  to  consider  the  rocks  of  this  newer  period  as  divided  into  three  prin- 
cipal groups,  to  which  the  terms  lower,  middle,  and  upper  tcrtiaries  seem  the  best  that 
can  be  given.  The  upper  tertiaries  wiU  be  found  to  pass  into  deposits  of  the  recent 
period.* 

*  Tho  reader  shoold  be  informed  that  the  tenns  Eocbnb,  Hzocsmt,  and  Pliocixi,  axe  frequently 
given  to  these  three  divlsionB.  They  were  suggested  by  Sir  C.  Lyell,  who,  finding  that  the  fossil 
shells  of  the  Tarlons  dlTisions  of  the  tertiary  epoch  include  gradually  a  larger  proportion  of  existing 
species,  introduced  the  words  in  question  to  designate  something  of  a  numerical  ratio  which  he  then 
bellered  to  exist    Thus,  eocene  (from  ews,  dawn ;  kcufos,  new)  was  intended  to  include  roeks  in 
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ZiOWW  Testify  Roclu  and  FouiUi.— There  seems  little  doubt  that  the  large 
and  iriddy-spread  deposits  on  the  borders  of  the  Mediterranean  Sea,  in  many  parts 
consiatiQg  of  thick  beds  of  limestone,  loaded  with  a  peculiar  fossil,  resembling  a  piece 
of  money,  and  thence  called  nummulite  (see  page  118),  but  elsewhere  containing  hardly 
any  fbosilB,  must  be  regarded  as  the  true  base  of  the  tertiary  series  as  at  present  known. 

Beds  of  the  same  age  appear  at  the  margin  of  what  are  called  the  London  and 
Hampahire  basias,  and  also  around  the  Paris  basin ;  but  they  ore  here  of  inconsiderable 
thickneas.  In  AMca,  on  the  north-eastern  shores  and  in  Asia,  on  the  south  flank  of 
the  Himalayas,  extending  to  Calcutta  on  the  east  and  Bombay  on  the  west,  those  bods 
are  no  less  distinctly  traceable.  They  are  also  found  on  the  ehorcs  of  the  Block  Sea,  in 
Dalmatia,  Caiinthia,  Transylvania,  Hungary,  and  Poland.  The  deposits  are  usually 
calcareous,  and  appear  to  have  been  chiefly  made  in  deep  sea.  The  fossils,  however, 
include  not  only  the  foraminifera,  of  which  the  nununulite  is  an  example,  but  many 
ahells,  as  well  land  (jthyta,  see  p.  118)  and  freshwater  {cyclas)  as  marine  {eardita)^ 
numerous  fishes  (rhombut),  some  birds,  and  several  land  quadrupeds.  The  beds  have 
thercfinre  been  formed  imder  various  circumstances,  though  about  the  same  time. 

Bepodng  on  these  oldest  tertiaries,  and  in  many  places  appearing  to  form  part  of^ 
or  replace  them,  are  a  number  of  beds  admirably  developed  near  Paris,  and  somewhat 
extensively  seen  near  London,  in  Hampshire,  in  the  Isle  of  Wight,  and  again  in 
Belgium  and  the  South  of  France.  These  are  very  varied  in  their  character.  In  Eng- 
land, they  include  an  important  series  of  clays  (London  day)  reposing  on  sand,  and 
oreilaid  by  other  sands,  and  by  freshwater  and  marine  limestones. 

Above  these  come  in  a  large  series  of  deposits,  whose  total  thickness  in  England 
amounts  to  nearly  fifteen  hundred  feet,  recognised  as  a  distinct  group,  and  correspond- 
ing with  certain  coarse  limestones  and  peculiar  sands  near  Paris.  Above  these  again 
are  marls  and  limestones  in  England,  represented  by  soft  sands  (ino^mm)  in  the  south- 
west of  France,  and  a  limestone  deposit  weU  known  in  Malta,  and  extending  over 
varioos  parts  of  the  Mediterranean,  hitherto  regarded  as  belonging  to  the  middle  ter- 
tiary period,  but  determined  by  Professor  £.  Forbes  to  be  really  a  part  of  the  older 
aeries.  The  lower  and  middle  parts  of  the  series  thus  described,  contain  numerous 
interesting  fossil  remains,  among  which  are  a  multitude  of  very  remarkable  fragments 
and  complete  skeletons  of  quadrupeds.  (See  Cut,  page  119.)  There  are  also  numerous 
firuits,  and  some  corals  and  crustaceans,  with  shells  and  fragments  of  fishes  met  with 
in  some  localities,  of  which  the  Isle  of  Sheppey,  near  the  mouth  of  the  Thames,  has 
long  been  remarkable.  Kcptiles  also  are  hero  found,  proving  that  the  condition  of  the 
country,  and  probably  its  climate,  were  extremely  differentfrom  those  at  present  existing 
in  these  latitudes. 

In  the  Paris  deposits  are  found  some  beds  of  gypsum,  which  are  at  once  useful  in 
themselves,  as  yielding  the  material  of  which  is  manufactured  "  plaster  of  Paris,"  and 
also  of  extreme  interest  to  the  naturalist,  as  containing  those  fossil  bones,  whence  has 
been  reconstructed,  by  Cuvier  and  others,  an  entire  menagerie  of  extinct  organic  beings. 

vtaicli  a  faint  indication  of  existing  species  (less  tlian  five  per  cent.)  was  first  perceived— tmoocnd 
{jitiMP<,  less;  and  iccuros),  those  in  which  a  minority,  or  less  than  half  the  species,  were  recent,  and 
plioeens  (rXcMar,  more ;  and  kouvos),  those  in  which  a  larger  number  than  half  were  recent.  As 
thcM  names  appear  to  oflFer  no  special  advantage,  and  have  been  misunderstood  to  intimate  a  decided 
and  abrupt  transition  and  definite  percentage,  which  does  not  exist  in  nature,  it  may  be  better  to 
avoid  the  use  of  them,  and  adhere  to  the  simpler  and  equally  distinctive  terms  above-mentioned.  It 
nay  also  be  stated  here,  that  by  some  geologists  the  middle  or  secondary  rooks  are  called  meso-ane, 
and  the  never  or  tertiary  eamo-aoie. 
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These  beds  were  long  celebrated  for  the  readiness  with  which  they  yielded  these  trea- 
sures, but  they  haye  ceased  of  late  years  to  deserve  their  reputation.  North  Ameiiea 
presents  a  number  of  beds  of  the  period  we  are  now  considering,  chiefly  developed  in 
the  southern  states,  and  consisting  of  greenish  sands,  marls,  and  a  peculiar  white  lime- 


AxonjoaaatMxvu  coanmtm  {Paris  basin). 

stone.  Most  of  the  fossils  are  clofdy  allied  to  European  fonns.  Etqb  in  Sonih  America 
there  have  also  been  found  rcprewntative  depodtB. 

Middto  TOTllaiy  &ocks  and  FdMils.— In   England  this    division   is  but 

scantily  shown,  and  includes  only  a  few  bands  6f  sand,  gravel  beds  made  up  of  shells, 
and  some  marls.  These  have  been  found  on  the  coasts  of  Suffolk  and  Kmot,  and  range 
into  the  interior. 

Very  large  masses  of  rock  of  various  kinds  form  the  corresponding  deposits  in  the 
south-west  of  France,  die  eeei  of  Germany,  and  various  parts  of  the  Mediterranean 
shores ;  and  othen,  entirely  difl^srant  in  appearance,  have  been  recognised  on  the  flanks 
of  the  Himalayae  and  in  South  America. 

The  En^ieh  middle  tartiaxy  deposit  is  called  the  coralline  crag,  and  contains 
numenoa  small  conli,  niany  sheUai  both  univalve  and  bivalve,  and  a  few  remains  of 
Crustacea  and  fidiee.    Qnadrupede  and  reptiles  are  extremely  rare. 

In  the  Talley  of  tiie  Bhine,  on  the  flanks  of  tho  Alpine  chain,  in  the  great  valley  of 
Switndand,  in  the  valley  of  the  Danube,  and  in  northern  India,  the  characteristic 
peculiaxitiea  are  in  eadi  eaee  dietinot.  Thus,  while  the  looeo  sand  of  the  Swiss  moUun* 
is  widely  ^read,  and  contains  a  few  shells  and  some  remains  oven  of  palm  vegetation, 
wc  And,  in  the  valley  of  the  Rhino,  beds  containing  the  bones  of  a  gigantic  quadruped, 
tho  dinotherium  (see  page  123),  while  the  tertiarics  of  northern  India  contain  numerous 
indications  of  a  complete  fauna,  including,  amongst  a  nimibcr  of  species  little  different 
from  tho  present  inhabitants  of  the  coimtry,  a  multitude  of  others  altogether  new,  and 
departing  widely  from  known  forms. 

Tho  fossils  of  tho  middle  tertiary  period  arc  not  generally  so  varied  and  essentially 
characteristic  as  those  of  tho  older  and  newer  deposit,  although  India  forms  a  great 
and  interesting  exception.  Some  of  the  less  common  and  more  easily  recognised  shells 
and  other  fossils  arc  represented  in  the  next  page ;  and  it  may  bo  observed  that  this 
group  represents  two  genera  of  the  comparatively  raro  family  of  pteropoda,  and  two 
instances  of  shark's  teeth.  There  is  also  a  crab,  a  foraminifcrous  shell  {textularia),  and 
*  Not  the  molasae  of  the  soatb-we^t  of  Franco. 
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one  of  the  flat  flea-urchins,  or  star-fishes  of  the  time.  Many  of  the  shells  approach 
BO  near  in  appearance  to  those  now  found  in  adjacent  and  distant  seas,  that  no  UBefiil 
purpose  would  be  answered  by  figuring  them  here.  It  is  right  to  state  that  a  large  flora 
of  this  period  has  been  determined,  presenting  a  mixture  of  exotic  forms  now  peculiar 

GBOUP  OP  MIDDLE  TERTIABY  SPECIES. 


•  ^* 


TKBTH  OF  8BARK. 


CAVCKa  KACaSCHZXLUS. 


to  warm  climates,  with  others  equally  characteristic  of  temperate  countries.  Thus 
palms,  a  bamboo,  and  others  of  the  same  habits,  arc  found  associated  with  leaves 
of  oaks,  elms,  &c. 

Uppez  Tertiary  Rocks  and  FobbUb. — Of  this  part  of  the  period  there  are 
many  subdivisions.  The  sub-Apcnnine  limestones,  contemporaneous  with  part  of  our 
Suffolk  crag,  are  represented  in  South  America  by  a  vast  expanse  of  rock,  containing 
numerous  organic  remains  of  the  most  singular  and  interesting  quadrupeds.  Caverns 
in  limestone  rocks,  frozen  cliflEs  on  the  shores  of  the  Polar  Sea,  freshwater  deposits,  and 
osseous  breccias  in  central  France,  Italy,  and  many  other  countries,  all  appear  to  belong 
to  this  part  of  the  tertiary  epoch,  and  all  present  numerous  objects  of  interest  amongst 


Digitized  by  VjOOQ  IC 


NEWER  TERTIART  ROCKS. 


121 


the  foflsiU  they  oontain.  Nearly  fifty  species  of  qiiadrupeds,  and  lialf  that  number  of 
birds,  have  already  been  described,  all  more  or  less  differing  from  existing  forms — some 
departing  widely,  others  approximating  closely.  The  rarious  groups  of  deposits  of  the 
period  hare  been  thus  classed : — 

1.  Hecbkt  BEPosrrs,  including  raised  beaches  on  the  English  shores ;  the  lehtn, 
or  lo€9»y  of  the  Bhine  valley ;  the  tehomazentf  or  black  earth  of  the  great  plains  of  the 
Caspian  Sea  and  Lake  of  Aral ;  the  reffur,  or  cotton  soil  of  India ;  and  large  tracts  of 
recently  elevated  land  in  Patagonia. 

2.  Dkift,  including  stratifiod  sands  and  gravels,  left  by  glaciers  and  icebergs; 
unatratified  clays  and  gravels,  with  boulders,  common  in  the  Clyde  valley,  and  locidly 
called  till ;  the  mammaliferous  or  Norwich  crag  of  our  east  coast,  and  the  sands  of 
Bridlington,  on  the  Yorkshire  coast ;  and  a  number  of  fresh- water  beds,  consisting  of 
sands,  marls,  and  gravels. 

3.  Sandy  deposits,  of  which  the  red  crag  of  Norfolk  and  Suffolk,  the  calcareous 
maris  and  sands  of  tiie  Sub- Apennines,  the  great  limestone  of  SicUy,  the  vast  deposits 
of  lignite,  or  biv^xm  coal,  of  Germany,  and  the  marls  and  limestones  of  (Eningen,  near  the 
lake  of  Constance,  are  the  chief  that  have  been  described,  though  others,  probably  of 
equal  magnitude,  remain  to  be  noticed. 

It  would  manifestly  be  out  of  place  here  to  describe  at  length  any  of  these  numerous 
and  varied  deposits.  Each  may  be  said  to  possess  some  point  of  special  interest — some- 
times local,  but  more  frequently  general;  and  each  might  well  be  the  subject  of  a 
separate  chapter. 

Thus  the  (Eningen  beds  are  remarkable  for  their  rich  variety  of  fossils,  including 
quadrupeds,  fishes,  and  many  plants.  The  lignites,  associated  often  with  plastic  clays, 
and  fine  deposits  of  a  kind  of  siliceous  paste,  made  up  of  the  debris  of  infusorial 
animalcules,  are  no  less  interesting,  for  the  almost  incredible  extent  to  which  the 
vegetable   matter 

has  been  accumu-  _.^.^— - — ---     —  -— — 

lated;    whUo  the  ^~^^  z^rL^^~^~^^=^'/-:^^'i±^-_^. 

limestones       and _^^"^:^^^^g3;gf^=^^^;g^:^^^j^^"'"^^-^r~^  £~^-  "^  i^ 

mails  of  Italy  arc,  =^^-^O^i:^^S^^?^^'i=~^   .^^^f'^^^ :  "^^"^^  :i-  ^ 

and  long  have 
been,  the  subject 
of  elaborate  de- 
scriptions, and 
fonn  connecting 
Imks  between  an- 
cient and  modem 
times. 

But  the  drift, 
under  whatever 
name  it  is  de- 
scribed, affords 
other  equally  in- 
teresting subjects 
for  consideration. 
In     some    places 


i^^3^3isa^::k.>^ 


UIKATIC  BLOCKS  IN  UASSACnUSKTTS,  UNITED  CTAT&S. 


are  vast  boulders  of  rock,    transported  hundreds  of  miles  from  the   parent  rook 
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(aeo  tlie  yieir  in  the  Cut,  page  121),  in  others  are  huge  masses  of  smaller  blocks,  col- 
lected £rom  vaiiotis  quarters.  Here  the  ground  on  which  these  heaps  zest  has  been 
smoothed  and  soiatched  by  tiie  passage  over  it  of  huge  quantities  of  material;  while 
not  far  off  similar  gravels  are  stratified,  and  contain  bones  of  many  quadrupeds,  and 
even  of  birds.  The  cause  of  all  these  phenomena  is  apparently  to  be  tcaoed  to  the 
passage  of  currents  of  water  in  shallow  seas,  the  currents  often  floating  ioeberga  of 
large  dimensions ;  and  wben,  on  any  occasion^  these  icebergs  are  stranded,  the  cazgoea 
of  transported  material,  which  such  natural  rafts  bear  along  with  them,  are  neces- 
sarily deposited  at  the  sea  bottom,  on  the  melting  of  the  ioe. 

The  last  change,  the  disintegration  of  the  surface  when  onoe  pennanently  elevated, 
the  gradual  accumulation  of  vegetable  matter  of  various  kinds,  and  the  preparation  of 
land  for  the  habitation  of  the  larger  quadrupeds,  is  a  subject  still  obscure  in  many  of 
its  details,  but  becoming  more  clear  as  we  advance  in  the  right  direction  of  geological 
investigation ;  and  difficult  as  the  investigation  may  seem,  naturalists  are  really  now 
in  a  condition  to  judge  a  little  of  the  probable  aspect  of  the  earth  during  these  iMta 
revolutions  in  the  way  formerly  attempted,  with  reference  first  to  the  paUeozoic,  and 
and  afterwards  to  the  secondary  period. 

Outline  of  Tertiary  Scenes. — Making  use  of  the  various  means  that  exist, 
by  the  help  of  careful  observation  of  actual  fossils,  and  reasoning  by  analogy,  it  has 
been  concluded  that  the  tertiary  period  in  Europe,  Asia,  and  in  North  America,  exhibits 
a  series  of  changes  during  which  these  parts  of  the  world  were  gradually  asfluming  tiieir 
present  physical  condition,  while  the  inhabitants  were  becoming  more  and  more  like 
those  now  occupying  the  same  latitude.  The  changes  thus  involved  are  both  con- 
siderable and  important.  In  those  very  spots  which  men  have  made  the  centres  of 
civilisation  and  commerce,  in  tho  immediate  neighbourhood  of  the  two  great  metro- 
politan cities  of  England  and  France,*  wc  also  find,  by  a  somewhat  strange  coincidaaoe^ 
the  most  striking  and  interesting  remains  of  the  earth's  ancient  condition,  and  con- 
vincing proofs  that  the  former  inhabitants  wore  as  widely  different  from  those  now 
indigenous,  as  these  are  from  tho  animals  at  present  foimd  in  Eastern  Asia. 

It  is  not  unlikely  that  the  land  at  that  time,  in  our  latitudes,  consisted  of  islands  deeply 
indented  by  bays  and  inlets,  some  of  them  perhaps  of  large  size,  having  considerabliD 
rivers,  depositing  various  beds  of  mud  and  sand.  The  neighbouring  seas  wero  tenanted 
by  many  largo  sharks,  by  gigantic  rays,  by  sword-fishes,  saw-fishes,  and  many  otbexs 
now  almost  confined  to  the  eastern  extremity  of  the  Old  World,  or  found  in  the  Gulf 
of  Mexico.  With  these  were  many  animaU  inhabiting  shells,  now  also  confined  within 
similar  limits ;  but  there  were  also  with  them  a  number  of  fishes  and  shell-fish,  £u 
more  closely  allied  to  the  species  now  living  on  our  own  shares.  The  ooast-line  of  this 
sea  seems  to  have  possessed  peculiar  features,  being  clothed  with  rich  and  almost 
tropical  vegetation  to  the  water's  edge,  and  exhibiting  in  abundance  palm-trees^ 
cocoa-nuts,  and  many  of  those  shrubs  which  characterize  the  islands  of  the  eastern 
Archipckgo.  Tho  rivers,  and  perhaps  the  sea  near  the  coast,  wero  peopled  with 
crocodiles ; — ^tortles,  and  tortoises  of  various  kinds,  lived  either  in  or  near  the  water  ; 
and  in  most  respects  we  must  seek  for  the  nearest  representation  of  such  a  combination 
at  very  distant  spots,  and  under  very  different  climatal  conditions. 

Nor  was  the  state  of  existence  in  tho  interior  less  striking  and  peculiar.     Troops  of 

•  It  is  singular  enough  that  tho  same  may  l)o  said,  with  equal  correctness,  of  the  cftpttal  of 
Belgium,  ^vhich  is  plnccd  on  a  patch  of  tertiary  rock,  nearly  of  the  same  age  as  the  basins  of  London 
and  Paris,  thoagh  not  so  remarkable  for  its  fossil  contents. 
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monkeys,  some  of  them  of  large  bubo,  might  then  have  been  soon  akipping  from  branch 
to  branch  on  tho  forest  trees.  Opossums  were  associated  with  the  sqnirrols,  and  a  racoon 

was  among  the  qijtidnipeds  common  in  western  Europe,  while  wolves  and  foxes  had  already- 
been  introduced,  and 
species  were  co-ex- 
istent with  those 
animals  now  widely 
removed  from  asso- 
ciation with  them. 
Seq>eat3  of  Viirious 
size,  but  some  altoge- 
ther gigantic,  aasistcd 
in  the  destruction  of 
the  numerous  trce- 
quadiupeds  living  on 
vegetable  food.  Birds, 
too,  were  then  abund- 
ant, and  amongst  them 
we  find  that  the  tribe, 
now  the  natural  ene- 
my of  the  serpents, 
was  also  present. 

But  it  is  most  probable  that  tho  chief  deposits,  of  which  wo  have  cognijsance,  were 
made  either  near  rivers,  or  not  far  from  extensive  marshes.  Just  as  at  present  we  find 
tho  low  and  unhealthy  swamps  of  Sumatra,  and  extensive  tracts  in  South  America, 
peopled  by  tho  tapir,  so  then  there  was  a  complete  group  of  nearly  similar  animals 
of  the  extinct  genera,  ralaoi/ieriuni  and  Anoplotherium^  adapted  to  simihir  localities. 
Very  various  in  size  and  proportions,  and  very  different  in  their  habits,  some  of  these 
(tho  Anophtheres)  swam  readily,  and  lived  chiefly  in  tho  water,  being  provided  with  a 
long  powerful  tail,  serving  as  a  rudder.  Others,  again,  referred  to  the  same  genus, 
tripped  along  lightly  on  the  borders  of  the  marshes,  feeding,  like  the  musk  deer,  on  the 
aromatic  shrubs  that  were  there  abundant.  Others,  more  timid,  and  constantly  on  the 
alert,  were  enabled  to  course  rapidly  along,  and  escape  by  flight,  or  conceal  themselves 
in  their  burrows  beneath  the  surface.  Groups  of  these  animals  arc  amongst  tlie  restora- 
tions preparing  for  the  Crystal  Palace. 

A  little  later  in  the  period,  and  when  a  larger  quantity  of  land  had  been  elevated, 
new  and  more  gigantic  races  were  introduced.  Among  those  was  one  group  of  true 
elephants ;  another,  of  equal  or  even  greater  size,  the  Mastodon^  whoso  teeth  seem 
adapted  for  food  somewhat  tougher  than  that  which  the  alternate  plates  of  enamel  and 
bone  in  the  elephant  wero  enabled  to  crush,  and  whose  body  was  somewhat  larjj;er ; 
while  a  third  (the  DmoUui'e)^  was  more  like  the  tapir  in  its  habits,  but  more  gigantic  in 
its  proportions.  This  latter  animal  dwelt  in  tho  swamps,  and  its  skull  and  formidable 
tusks  in  the  lower  jaw  seem  to  jwint  to  habits  almost  exclusively  aquatic  (see  Cut). 

After  remaining  for  some  time  in  this  condition,  the  land  seems  to  have  become 
more  eartensive,  to  have  been  clothed  with  abundant  vegetation  chiefly  of  forest  trees, 

•  Of  the  animals  here  represented,  tho  upper  quadruped  Is  an  Anoplothcre,  and  the  two  lower 
Faltrotherr!*.  Tho  small  species  was  about  tho  sice  of  a  pig.  On  the  right  is  a  crocodile,  and  the 
vegetation  is  chiefly  of  palm  treoa. 
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and  to  have  been  peopled  by  numerous  large  ruminants,  and  by  many  of  those  cami- 
Yoroufl  »»iimft1g  of  large  size,  now  confined  to  the  eastern  and  southern  districts  of  the 

old  continents.  This  was  the 
last  condition  before  the  intro- 
duction of  man  upon  the  earth. 

While  Europe  was  thus  under- 
going a  series  of  changes  which 
occasioned  or  required  the  intit>- 
duction  of  many  new  groups  of 
animals,  and  the  destruction  of 
many  that  had  long  existed,  the 
eastern  part  of  the  great  tract  of 
land,  then  in  course  of  elevation, 
seems  to  have  been  convulsed  by- 
fewer  of  those  destructive  dis- 
turbances, and  to  have  retained,  for  a  very  long  time  and  with  few  modifications,  its 
early  tertiary  fauna. 

A  va^  basin  of  fresh- water  appears  to  have  extended  over  a  great  part  of  Northern 
India  and  Malacca,  on  the  shores  of  which  lived  a  numerous  and  varied  population  of 
elephants,  horses,  hippopotamuses,  deer,  and  many  other  vegetable  feeders,  with  a 
corresponding  race  of  camivora  of  large  size  and  great  power.  The  earth  there  groaned 
under  the  pressure  of  a  huge  tortoise,  whose  monstrous  proportions  it  is  scarcely 
possible  to  realise ;  and  numerous  other  animals  existed,  of  strange  habits,  and  yet 
stranger  appearance,  to  a  knowledge  of  which  we  have  only  yet  begun  to  attain. 

The  elephants,  then  very  abundant,  were  not  confined  in  their  range  to  Northern 
India ;  they  extended  also  over  the  vast  plains  of  Tartary  into  Siberia,  and  fed  on  the 
scanty  vegetation  distributed  over  a  distiict  which  now  has  become  absolut-oly  bare  and 
desolate. 

It  is,  however,  not  likely  that  at  this  time  the  land  reached  so  far  towards  the  North 
Pole  as  it  does  now;  and  thero  was  certainly  towards  the  latter  part  of  the  great  tertiary 
period  sufficient  vegetable  food,  in  these  vast  tracts,  to  support  wandering  herds  of  some 
of  the  most  gigantic  land  animals,  including  many  groups,  which  at  present,  in  con- 
sequence of  physical  changes,  are  confined  entirely  to  much  more  southern  and  wanner 
districts. 

At  this  same  period,  in  South  America,  there  existed  a  continent  of  the  same  general 
shape  as  at  present,  but  much  narrower,  and  with  less  lofty  mountains  on  its  western 
side,  gradually  becoming  elevated,  though,  with  occasional  intervals  of  repose,  corcred 
with  vegetation,  and  having  large  and  deep  rivers. 

On  this  land  were  tribes  of  edentate  or  toothless  animals, — the  gigantic  types  of  the 
sloth,  the  armadillo,  and  perhaps  the  ant-eater.  Of  these  animals,  numerous  skeletons, 
perfectly  preserved,  afibrd  us  means  of  re-constructing  them  in  every  detail,  and  wo 
are  enabled  to  speak  of  their  peculiarities  and  habits,  as  if  we  saw  them  bodily  before 
us  at  the  present  time. 

In  the  vast  forests  of  that  day,  there  moved  about,  slowly  perhaps,  and  with  some 
little  difficulty,  a  singular  and  clumsy  looking  monster;  its  body  larger  than  that  of  an 
elephant,  and  its  hinder  extremities  many  times  thicker  and  stronger  in  proportion ; 
endowed  with  a  degree  of  resisting  strength,  compared  with  which,  almost  every  exist- 
ing animal  would  rank  as  powerless.    The  habits  of  this  creature  were,  it  may  be  Bup- 
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poaed,  rsUier  peculiar.    Judging  from  its  heavy  hind  extremities  and  powerful  tail 

the  azrangement  of  its  fore-legs,  in  which  it  somewhat  resembled  the  bear — the  nature 
of  its  head  and  teeth,  and  the  form  and  strength  of  its  daws,  we  may  safely  imagine  it 
performing  the  task  of  the  modem  sloth,  its  nearest  representative,  but  enabled  to  root 
np  and  pull  down  the  trees  of  the  forest,  instead  of  cUmbing  to  strip  them  of  their 
leaves.  The  creature  here  referred  to  is  the  megatherium^  and  there  were  several  smaller 
but  still  gigantic  animals  similarly  constituted,  and  assisting  to  clear  away  leaves  and 
twigs,  by  bringing  their  powerful  though  sluggish  limbs  to  bear  upon  the  task.  The 
msflodom,  one  of  these,  was  nearly  as  large  as  a  rhinoceros,  and  of  it  a  complete  skeleton 
may  be  seen  at  the  College  of  Surgeons,  as  well  as  a  restored  figure  in  the  Crystal 
Palace  Grounds,  reconstructed  from  the  skeleton,  by  Mr.  Hawkins. 

At  present,  the  armadillo  clears  away  the  decaying  wood  and  offal  of  all  kinds  in  the 
Brasilian  forests,  and  a  magnified  representative  accompanied  the  megathcre.    The 


I  OLTFTODOX. 

;  glyptodtMy  as  this  animal  was  called,  is  known  by  a  complete  specimen  of  the  hard, 
I  homy  covering  or  shell,  also  in  the  CoUego  of  Surgeons ;  and  the  length  of  this  spcci- 
I    men  is  nearly  twelve  feet  on  the  curve,  from,  the  tip  of  the  tail  to  the  snout,  while  its 

height  is  between  four  and  five  feet 
.         Large  rodents,  or  gnawing  animals,  horses,  and  several  other  species  nearly  allied 
I   to  existing  races,  accompanied  these  singular  animals. 

I  It  is  extremely  interesting  to  find  that  at  the  some  period  the  great  island-continent 
{  of  Australia  was  peopled,  as  it  is  now,  by  a  group  of  animals  perfectiy  distinct  from  those 
j  inhabiting  the  rest  of  the  world,  and  characterised  by  similar  peculiarities  of  structure. 
'  Gigantic  marsupials  then  lived,  representing  the  elephants  and  even  the  larger  camivora 
I  of  Asia ;  but,  with  the  exception  of  the  mastodon,  there  were,  it  would  seem,  no  generic. 
'  forms  common  to  this  great  district  and  the  rest  of  the  land  in  the  eastern  hemisphere. 
The  islands  of  the  South  Pacific  Ocean  of  this  same  hemisphere  may,  perhaps,  when 
;  folly  investigated,  lead  us  to  some  knowledge  of  the  great  continent  which  once, 

probably,  extended  across  from  Australia  nearly  to  Madagascar.    Gigantic  birds  havo 

already  been  found  in  Now  Zealand,  and  these  are  the  ancient  representatives  of  the 
I  ipteryx  and  of  the  dodo,  the  former  a  New  Zealand  wingless  bird,  and  the  latter  an 
I  extinct  species  found  in  the  Mauritius,  singularly  analogous  to  the  dinomis  in  some 
'  important  points  of  structure.  Perhaps  we  may  yet  hope  to  recover  further  indications 
'  of  the  inhabitants  of  a  district  which  seems  cut  off  so  singularly  from  the  rest  of  the 
'  worid,  and  which,  in  so  large  a  part,  is  now  buried  beneath  the  waves  of  the  great 

Pacific  Ocean. 
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In  all  fhe  instances  where  we  obtain  a  Icnowledge  of  the  extinct  ^tiftwuU  irMdi 
flourished  during  the  tertiary  period,  we  find  them  gnraped  together,  the  gronpiag 
being  gradually  more  and  more  limited  to  existing  zoological  and  botanical  kingdoms  as 
we  adrance  towards  the  newer  part  of  the  series.  It  is  a  very  striking  fbatore  in  this 
distribution,  that  at  a  period  with  respect  to  manvcry  remote,  but  geologically  modcRi, 
many  animals,  now  limited  within  narrow  bounds,  were  once  widely  spread ;  tiiat  many 
generic  forms,  now  represented  by  species  few  in  number  and  small  in  aise,  were 
anciently  varied  in  form,  and  infinitely  abundant ;  and  yet  that  the  absolute  limits  of 
natural  fiuniHes,  forming  larger  groups  than  genera,  haye  scarcely  undergone  modi- 
fication. Thus  we  see  in  Europe,  in  Asia,  and  in  Australia,  and  also  in  South  America, 
that  the  great  natural  families,  whether  of  pachyderms,  marsupials,  edentates,  monkeySy 
or  others,  ore  still  spread  over  similar  tracts,  and  still  cut  off  by  similar  abrupt  and 
unaccountable  bands.  The  elephants,  the  rhinoceroses,  the  hippopotamuses,  and  other 
gigantic  forms,  once  commonly  associated  in  England  with  lions,  tigers,  hyaenas,  and 
bears,  have  now  passed  away  entiffely ;  but  they  are  represented  by  the  pig,  the  wild 
cat,  the  fox,  the  badger,  sad  others,  although  no  donbt  they  are  also  replaced  in  great 
measure  by  the  more  lueflil  domestio  animals  intndaosd  and  fostered  by  man. 

Vast  and  important  modiflnations  of  the  esrthfs  soxflMe,  in  this  part  of  .the  world, 
have,  however,  beyond  a  doubt,  taken  place  wiiUn  a  aompantiTely  recent  period ;  and 
it  may  be  that  the  deprenioiL  of  ib/b  sarfiMS  whiah  Mpaiatsd  Bnf^d  from  the  Conti- 
nent, and  the  British  laUuids  from  otid  another,  is  erwi  continvad,  and  is  producing 
effects  by  no  means  trifling  or  unimportant,  vhUe  at  the  same  tiaie  many  districts 
of  Northern  Europe  arc  undergoing  elevation. 

There  can  be  no  question  that  great  physical  chaages  of  this  kind  must  and  wil 
produce  corresponding  changes  with  regard  to  the  animals  and  vegetables  natural  to  the 
climate ;  although  man,  with  his  cosmopolitan  habits,  and  his  power  of  modifying  con- 
ditions of  ezlstence,  and  acclimatizing  various  diganic  beings  useful  to  him,  greatly 
checks,  and  often  entirely  conceals  Che  effect  thus  produced. 

Oonoluaion. — To  complete  the  history  of  the  earth,  it  is  necessary  that  we  should 
possess,  as  far  as  possible,  an  account  of  the  last  great  changes  that  have  affected  its 
surface.  This  can  only  bo  attained  by  a  long-continued  and  fbitfafbl  recced  of  the 
agency  of  existing  causes ;  and  this  record  it  is  in  the  power  of  every  one,  who  has 
the  means  of  observing  Nature,  to  render  more  valuable  and  more  complete. 

It  is  undoubtedly  the  case,  that  of  the  knowledge  we  already  possess  in  Oeobgy,  a 
large  part  consists  of  observations  made  in  particular  localities,  often  without  much 
consideration  of  the  circumstances  of  the  adjacent  rocks.  It  is  seldom  that  referenoe 
has  been  made  to  similar  rocks  elsewhere,  or  to  the  result  of  similar  conditions  in  rooks 
of  different  geological  age,  and  still  more  rarely  have  the  various  natural  histocy 
conditions,  a&cting  whole  groups  of  rocks,  and  together  forming  only  one  deposit,  been 
taken  into  consideration.  And  yet  it  is  no  less  certain  that,  without  this  enlarged  view 
of  all  the  facts  of  the  case,  no  important  or  valid  induction  can  be  obtained,  and  no 
satisfactory  conclusions  in  geological  theory  ought  to  be  expected. 

The  ultimate  object  of  geological  investigations  is,  however,  not  so  much  the  dis- 
covery of  abstract  facts  concerning  the  crust  of  the  globe,  as  a  determination  of  tbe 
laws  according  to  which  successive  modiflcations  have  been  by  degrees  elucidated. 
Each  one  of  these  laws,  as  it  is  discovered  and  applied,  leads  to  fresh  and  more  important 
knowledge  concerning  methods  of  investigation,  and  is  thus  of  immediate  prac- 
tical  benefit.      Tested  by  knowledge  already  acquired  and  applied  to  ednoe  new 
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fKtMf  Meh  law  doM  in  fact  assist  in  discovering  the  rest,  and  thus  every  generalisation, 
and  even  every  anggestion  tliat  admits  of  wide  application,  brings  us  more  and  more 
near  the  last  great  object,  and  is  of  direct  advantage  to  the  progress  of  sdenoe. 
Wliether  hypothesea  thns  put  Ibrtb  are  ultimately  found  to  be  true,  or  whether,  however 
nsefdl  in  the  existing  state  of  knowledge,  they  are  in  themselves  unsound,  there  is  still 
advantage ;  ibr  in  either  ease  progress  is  made. 

In  thus  endeavooiing  to  point  out  the  advantage  and  use  of  those  generalisations 
which  many  who  wish  only  to  apply  their  knowledge  practically  might  perhaps  pass 
by  as  not  adapted  for  their  purpose,  it  is  desired  to  impress  the  reader  with  the  sincere 
conviction,  that  without  sound  general  views  there  can  be  no  safe  practical  use  of  any 
science.  And  in  Greology  especially,  where  arbitrary  and  false  conclusions  might  readily 
be  drawn  from  partial  though  very  extensive  knowledge,  it  is  the  more  necessary  to 
guard  against  the  very  natural  feeUng  that  mere  theory^  as  general  views  are  sometimes 
called,  is  little  more  than  an  amusing  chapter  of  romance.  General  knowedge,  in  a 
subject  like  this,  is  in  fact  the  only  knowledge  that  has  any  value ;  for  a  power  of 
comparing,  based  on  such  information,  is  the  only  thing  that  con  be  useful. 

But,  on  the  other  hand,  there  is  no  intention,  while  thus  advocating  general  know- 
ledge, to  detract  from  the  value  of  minute  knowledge  on  matters  of  detail.  This  also 
is  necessary — absolutely  necessary — ^but  it  is  only  available  when  it  can  bo  brought  to 
bear  by  a  due  appreciation  of  general  views,  connecting  isolated  facts  in  a  reason- 
able way. 

The  history  of  geology  ahowi,  ia  a  striking  siainer,  that  this  is  tibo  case.  Few 
sciences  hav*  idvaneed  so  rapidly,  and  few  have  had  such  violent  oppositiaa  to  con- 
tend agaimt*  Facts  haye  been  aoonmulated,  and  have  been  allowed  to  aceomulate, 
because  it  is  difficult  to  contend  against  them  individually;  hot  orvy  attempt  to  group 
these  fiustSi  and  obtain  reaaonaUe  general  views  from  conrfderivg  them,  has  been  met 
by  an  array  of  determined  opponents,  who  have  exalaimed  egainit  admitting  any  con- 
clusions whatever  that  at  aU  oppoied  pmonceiTed  notiona.  Still  the  conclusions  have 
been  drawn ;  one  after  mother  hee  approved  Hnlf  by  simply  appealing  to  the  reason 
and  the  aenasa;  and,  aWiongh  the  deabe  of  oppoaKiaii  remains,  all  the  paints  at  first 
demanded  luKre  been  oonoeded  In  turn. 

Each  ganonliaetLon  ha%  however,  induced  the  &covery  of  new  Acts,  and  these 
again  of  new  oonohwlons.  Geology  has  been  at  length  recognised  as  involving  legiti- 
mate subjeeta  otisapSxjf  tad  the  world  is  now  beginning  to  discover  that  it  may  also 
Involve  qneitiona  and  eondusions  of  the  greatest  importance,  and  the  most  direct  prac- 
tical utility. 

And  if,  in  spite  of  the  effi)rts  that  have  been  so  successfrilly  made,  our  science  does 
not  yet  occupy  its  true  position,  it  is  at  least  satisfactory  to  know  that  it  is  advancing 
rapidly  towards  it,  and  that  the  time  is  gone  by  when  its  progress  can  bo  seriously  in- 
terfered with  by  the  prejudices  of  those  who  have  not  made  themselves  acquainted  with 
its  facts,  or  have  imperfectly  studied  its  conclusions.  On  the  one  hand,  it  is  willingly  re- 
cognised as  lending  important  aid  to  men  engaged  in  tho  practical  pursuits  of  life,  such 
as  mining,  engineering,  and  agriculture;  and,  on  the  other  hand,  it  is  beginning  to  be  felt 
as  no  derogation  from  the  power  and  wisdom  of  the  Creator,  that  in  the  plan  adopted 
£)r  the  construction  and  carrying  on  of  our  earth,  and  of  the  material  and  organic 
world,  everything  was  foreseen  from  the  beginning,  and  formed  part  of  the  plan— that 
everything  succeeds  in  its  time  and  place  without  external  interference,  and  without 
risk  of  injury ;  and  that  each  organised  being  performs  the  task  allotted  to  it,  and 
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retires  when  its  work  is  done,  having  assisted  to  cany  out,  to  the  best  of  its  ability,  the 
one  great  and  uniform  system.  It  is  because  the  system  is  so  uniform  and  so  perfect, 
that  the  intellect  of  man  enables  him  to  disooyer  the  method  of  arrangement  adopted, 
and  make  use  of  the  discovery  for  his  own  purposes,  and  to  his  great  convenience  and 
advantage.  It  is  thus  also  that  the  study  of  the  earth's  crust,  instead  of  being  a  merely 
curious  and  vague  speculation,  has  become  the  means  of  obtaining  with  fuility  tl^ 
various  materials  of  value  which  are  at  present  beneath  the  surfSuie,  and  of  judging  con- 
cerning the  probable  condition  of  that  which  is  out  of  sight,  although  there  is  no 
external  indication  of  its  existence. 
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PBACTICAL  GEOLOGY. 

Zntxoduction.^Thc  object  of  geological  investigations  and  the  general  result  of 
such  inquiries  being  understood,  it  remains  to  consider  the  various  modes  of  its  appli- 
cation to  practical  purposes  in  useful  detail,  so  that  we  may  clearly  prove  that  this 
science,  which  not  long  ago  amused  the  public  mind,  and  alarmed  the  timid  with  vague 
speculations  and  unfounded  theories  concerning  the  origin  of  things,  now  involves 
much  that  is  absolutely  necessary  to  be  known,  and  has  become  an  essential  part  of 
sound  education ;  being,  in  fact,  as  important  to  the  engineer  and  miner  as  astronomy 
i^  to  the  navigator. 

Since,  however,  it  is  the  case  that  geology  embraces  a  wide  range  of  subjects,  some 
of  which  bear  more  directly  on  the  natural  history  of  living  and  extinct  races  of 
animals  and  vegetables,  while  others  arc  more  strictly  mechanical, — and  that  the  latter 
are  those  chiefly  concerned  in  the  practical  applications  with  which  we  have  to  deal, — 
a  very  brief  summary  of  such  facts  may  bo  U3eful  in  entering  on  a  new  department  of 
the  subject 

It  will  appear,  on  a  little  consideration,  that  the  facts  in  question  are  of  very  dis- 
tinct kinds,  and  may  be  considered  separately ;  for  wo  may  regard  the  earth's  crust 
either  as  the  place  upon  which,  or  within  which,  various  operations  arc  to  be  performed, 
or  we  may  regard  it  as  the  great  depositary  of  all  useful  and  valuable  mineral  sub- 
stances, of  whatever  nature.  Thus  the  agriculturist  wiU  regard  the  earth  and  the 
rocks  present  in  his  district  as  providing  the  soil,  and  supporting  the  plant  mechanically ; 
but  he  may  also  look  for  valuable  minerals  to  mix  with  his  soil  on  the  surface,  and 
may  bo  obliged  to  consider  what  hidden  but  determinable  facts  will  interfere  with  or 
assist  his  draining.     So,  again,  the  architect  and  engineer  will  require  to  dig  in  some 


INORGANIC  NATURE.— No.  V. 


Digitized  by  VjOOQ  IC 


130  GENERAL  CONSIDERATIONS. 


places  for  stone  and  da//  in  order  that  they  may  erect  some  structure  in  another  place, 
where  it  is  important  that  the  foundation  should  be  sound,  and  where  no  unusual 
difflcultkvaBcd  be  anticipated.  And  so  also  the  miner,  while  he  is  merely  amdous  to 
extract  minfliri  wealth,  must  also  regard  and  carefully  estimate  the  difficulties  he  will 
hxTB  to  eoitteod  with,  while  piercing  to  great  depths  beneath  the  surflftce,  or  burrowing 
to  a  distanoe  within  a  hill. 

Now,  in  Older  to  understand  the  applications  of  geology  thus  preRinted,  it  la  neees* 
sary  to  be  &miliar  with  certain  principles  and  facts,  relating  chiefly  to  those  maasea  of 
matter  already  dasevibed  aa  roeks,  and  conceniing  which  it  is  iotpflartaot  that  the  prac* 
tical  geologist  should  know  both  their  mechanical  and  chemical  oonditian,  and  their 
mechanical  position.  It  has  been  the  object,  in  the  preceding'pagBfl,  to  present  these 
to  the  reader  in  their  simplest  and  most  comprehenshre  form. 

Such  facts  duly  appreciated,  and  the  basis  of  geological  sdenoe  once  laid,  it  is  use- 
ful to  notice  how  completely,  not  only  the^  earth's  ttructure  hut  the  habits  and  even. 
civilization  of  its  inhabitants,  corresponds  to  this  geological  oonditioa.  Thus  in  onr 
own  country  it  has  been  often  observed  that  the  inhabitants  of  the  nunmtain  districts 
differ  nraoh  from  tliose  of  the  plains,  while  thoae  of  the  lowlands  vary  aoecording  to  the 
nature  of  the  underlying  rock,  because  that  influences  the  cultrvation. 

TbA  geologiaal  atruoture  and  configuratioB  of  any  country  are  the  main  foundations 
of  its  x^hysieal  aspeet ;  and  the  vaiioua  operations  of  eleraiioii,  depresaion,  and  denuda- 
tion, whi^  it  is  the  object  of  the  geologist  to  study,  are  in  effect  the  causes  of  all 
modifications  of  the  aspect  and  structure  as  originally  impressed.  Thus  the  mere  fact 
of  a  line  of  hills  in  a  country  or  a  district,  sloping  gradually  on  one  side  and  much 
steeper  on  the  opposite  side — or  elsewhere,  of  hills  rising  regularly  and  with  monotony 
— will  of  itself  mark  the  physical  cause  of  such  appearance,  whether  it  is  due  to  a 
distinct  elevation,  or  to  the  outcrop  of  some  hard  bed.  Whererer  distinct  and  definite 
physical  features  occur,  some  geological  cause  may  always  be  traced ;  and,  on  the  other 
hand,  every  important  geological  event  that  has  last  happened  in  a  district,  is  indicated 
by  physical  features.  A  knowledge  of  this  is  often  extremely  useful  to  the  travellor ; 
for  in  this  way  he  may  determine  the  probable  direction,  or  even  the  possible  existence 
of  rivers  and  mountain  ridges,  and  also  the  places  where  natural  mineral  riches  are 
likely  to  be  found. 

The  nature  and  use  of  geological  maps  and  sections — of  which  many  and  excellent 
examples  are  produced  by  the  geological  survey  of  Great  Britain— may  also  be  recog- 
nised in  their  application  to  important  practical  questions  constantly  arising  in  agri- 
culture, agricultural  engineering,  architecture,  civil  and  military  engineering,  and 
mining.  Each  of  these  pursuits  and  professions  having  reference  to  material  obtained 
from  the  earth,  and  also  to  the  earth  as  the  basis  of  operations,  involves  many  fkcts  of 
direct  geological  interest.  It  is  only  by  a  knowledge  of  geology,  and  of  the  mode  of 
applying  such  knowledge,  that  much  progress  can  be  made  in  the  higher  and  more 
suggestive  departments  of  these  sciences ;  and  it  will  not  be  considered  that  there  has 
been  any  unnecessary  consideration  of  details  in  what  has  been  said  in  previous  pages 
concerning  the  nature  of  rock  masses,  their  chemical  composition,  the  mode  in  wHich 
they  were  aggregated,  and  the  changes  they  have  since  imdei^ne.  These  fkots  being 
the  foundation  of  practical  geology,  are  in  every  way  worthy  of  carefrd  consideration, 
and  cannot  be  too  well  understood  or  too  often  thought  of  by  practical  men. 

Whilst  the  applications  of  geology  to  agriculture,  engineering,  and  mining,  are  direct 
and  immediate,  and  will  require  each  in  its  turn  the  carefrd  attention  of  the  student, 
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there  la  one  other  less  manifest,  but  equally  connected  irith  the  subject,  that  may  bo 
regarded  aa  preliminajy.  It  is  not  alone  to  mechanical  arts  and  appliances  that  the 
study  of  nature  is  essential.  It  is  equally  so  to  those  who  would  represent  the  yaried 
physiognomy  of  nature  in  its  rocks  and  mountains,  hiOs,  galleys,  and  plains,  and  who 
for  this  purpose  learn  the  arts  of  drawing  and  painting,  and  apply  them  to  represent  the 
forma  and  colours  that  please  the  eye  and  instruct  the  intellect.  The  artist,  as  well  as 
the  engineer,  and  the  critic  in  art  as  well  as  the  artist,  requ^  knowledge  and  science, 
that  the  one  may  produce,  and  the  other  recognise  and  appreciate,  a  true  transcript  of 
nature. 

▲PPXJCATION  OP  GBOLOGT  TO  THX  PDfB  ARTS. 

Hagleet  of  the  Study  of  Natuzal  HMovy. — The  general  principles  of 
Natural  History,  in  the  extended  sense  of  the  term,  have  rarely  been  the  object  of 
thoughtful  study,  either  to  the  artist  or  the  critic  of  art.  This  haa,  perhaps,  been 
owing  to  a  preyalent  notion  that  such  knowledge  would  tend  to  the  Mttering  away  of 
power  in  minute  detail,  and  might  injure  ideal  truth,  which  it  is  the  highest  glory  of 
art  to  attain,  by  dragging  down  the  mind  to  the  contemplation  of  what  is  mechanicals 
and  belongs  to  the  individual  rather  than  the  species.  This  danger  has  probably 
been  over-eatimated,  and  the  value  of  truth  in  representation  haa,  in  a  corresponding 
degree,  been  lost  sight  of.  Lately,  indeed,  landscape  painters  generally,  but  especially 
those  of  our  own  country,  have  shown,  by  many  admirable  .examples,  the  advan- 
tage of  a  dose  study  of  nature,  and  an  attempt  at  minute  adherence  to  this  truth. 
The  conventionalities  of  fbnner  ages  are  regarded  in  their  true  light,  and  men  have 
oome  to  believe^  by  iho  evidence  of  their  senses,  that  the  true  Ideal  in  landscape, 
as  in  historical  painting,  is  to  be  obtained  only  by  honest  and  incessant  study  of  tiie 
works  of  Nature,  an  acquaintance  with  the  laws  of  Nature,  and  a  careful  observation  of 
tha  actual  results  of  those  laws  traoeable  at  all  times  and  in  all  places. 

But  it  haa  hardly  yet  been  thought  essential  to  the  proper  eduoation  of  every  one, 

with  a  view  either  to  the  practioe  of  art,  or  the  acquisition  of  a  sound  judgment,  that 

he  should  actually  know  and  understand  the  fitots  of  Natural  History,  and  the  laws  of 

I    Nature.    Wo  are  all  apt  to  regard  e&cts,  and  not  causes ; — ^we  look  at  the  objects 

I    before  us— not  with  an  inquiring  mind,  but  rather  as  simple  facts  that  have  no 

^   ze&renoe  to  each  other  and  to  ourselves ;  we  often  neglect  the  most  important  of  all 

j    operatians,  the  oonneoting  together  those  phenomena  that  we  observe ;  and  we  seldom, 

of  our  own  aecord,  refer  our  sensations  and  enjoyments  to  their  real  sources. 

It  is  indeed  true,  that  siooe  the  earliest  period  ftom  which  the  modem  art  of  painting 
osa  date,  the  pursuits  of  science,  strictly  so  called,  have  mutually  honoured,  and  been 
honoured  by  the  exertions  of  genius  in  this  high  and  noble  department  of  the  fine  arts. 
And  whether  we  consider  the  actual  details  of  discovery,  or  tixe  grand  genenQiaatioos 
which  have  been  their  oonsequenoe,  the  imitative  arts  have  in  all  cases  been  assisted  in 
their  progress  by  each  step  made  in  true  philosophy,  and  in  the  advance  of  physical  science. 
But  dthough  this  is  the  case,  and  notwithstanding  the  host  of  glorious  names  that 
crowd  at  onoe  to  illustrate  the  &ot,  yet  it  is  not  to  be  denied  that  the  advantage  has 
been  unequal,  some  departments  of  art  having  benefited  much  more  than  othen.  Thus, 
whilB  in  tiifi  great  works  of  RaflBullo,  Michael  Angelo,  Da  Yinoi,  and  others,  we  recog- 
nise the  most  elaborate  and  thoughtful  truth  of  detail  and  appreciation  of  stmctore,  and 
letm  that  the  study  of  their  lives  was  devoted  to  observe  nature,  and  illuminate  with 
their  genius  what  they  rcaUy  saw  with  their  external  senses,  and  comprehended  with 
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their  intellects,  yet  were  their  studies  chiefly  limited  *to  the  delineation  of  the  human 
figure,  and  some  few  of  the  more  obyious  natural  phenomena  essential  to  the  elucidation 
of  great  historic  subjects.  There  are  reasons  for  this  which  it  is  not  part  of  our  puzpoee 
now  to  discuss. 

Art  and  Science. — ^It  is  beyond  question  that  great  and  successful  works  of  ait 
are  among  the  most  noble  and  the  most  useful  of  all  human  triumphs.  Art  is  Uie 
expression  of  nature,  as  comprehended  by  the  most  pure  and  exalted  imaginative  -povren 
of  man's  intellect ;  it  is  the  means  by  which  all  the  great  truths  of  nature  are  oom- 
municated  from  man  to  man ;  it  involves  the  great  principle  of  illustration  by  which. 
the  senses  become  available  for  the  transmission  of  new  ideas;  it  is  the  agency 
employed  to  harmonize  and  civilize  the  great  mass  of  the  human  race. 

Science,  on  the  other  hand,  may  be  described  as  the  questioning  and  investigating 
of  nature— the  laying  bare  the  causes  of  things,  and  the  method  adopted  when  we 
would  analyze  complicated  phenomena,  and  comprehend  the  meaning  of  truths  observed 
and  felt.  Art  and  science  thus  work  together  in  the  improvement  of  the  human  family. 
Without  art,  scientific  investigation  has  little  interest  beyond  the  original  discoverer ; 
for  it  is  not  enjoyed  and  appreciated  by  the  mass  of  mankind.  Withont  illustration, 
adapted  to  the  nature  of  the  case,  the  discovery  of  general  views  is  useless  in  advancing 
and  humanizing  mankind.  On  the  other  hand,  art,  dissociated  from  science,  if  it  had 
already  advanced,  degenerates,  or  never  rises  above  the  false  ideal  of  the  uneducated 
fancy.  Chinese  paintings  well  illustrate  this  position.  The  artist,  therefore,  should 
know  what  science  is— ho  should  appreciate  what  has  been  learnt— he  should  be  aware 
of  what  is  possible  and  impossible  in  nature,  before  he  gives  the  reins  to  his  imagination. 
Science,  also,  must  avaU  itself  of  the  resources  of  art  to  be  permanently  and  generally 
useful. 

Art  and  science  being  thus  mutually  dependent,  it  will,  I  think,  be  manifest  that 
the  artist  should  not  be  contented  with  observing  things  as  they  are,  but  should  also 
inquire  into  causes.  I  have  already  observed  that  this  has  been  done  to  a  certain  extent 
in  the  case  of  the  human  figim) ;  for  it  is  universally  admitted,  as  absolutely  essential, 
that  the  artist  should  not  only  study  the  undraped  figure,  but  even  so  much  of  anatomy 
as  shall  teach  the  general  structure  of  the  body— the  bony  framework,  as  well  aa  the 
muscular  masses  and  the  connecting  tendons.  It  seems  reasonable  to  suppose  that  this 
kind  of  knowledge  is  desirable  in  one  department  of  art  not  lees  than  another ;  that 
if  the  earth  herself  is  to  be  delineated,  it  should  not  be  without  knowledge  of  her  actaal 
structure ;  that  there  should  be  something  taught  of  the  skeleton  of  fundamental  rock, 
the  muscular  covering  of  super-imposed  masses  of  matter,  the  driapery  of  vegetation, 
and  the  thin  and  delicate  veil  of  finest  gauze,  which,  in  the  form  of  atmosphere,  is  the 
cause  of  so  many  modifications  of  tint,  and  so  much  that  is  beautiful  and  graceful  in 
colour  and  shade. 

The  object,  in  the  subsequent  pages,  will  be  to  give  such  kind  of  information ;  and  it 
is  believed  that  this  ground  has  not  before  been  occupied.  It  is  not  indeed  in  the 
character  of  a  critic  of  art,  much  less  as  an  artist,  speaking  ex  cathedra^  that  these  pages 
are  written ;  for  the  author  of  them  is  not  sufficientiy'  acquainted  with  art  to  make 
any  such  pretence.  He  thinks,  however,  that  he  knows  enough  of  the^subject,  as  thus 
indicated,  to  give  useful  general  information ;  and  being  very  deeply  interested  in  all 
that  relates  to  the  science  of  geology,  and  in  its  application  to  landscape  painting,  he 
ventures  to  give  opinions  and  proffer  information  in  the  hope  that  they  may  be  useful, 
at  least  as  suggesting  matter  for  discussion. 
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The  Axt  of  Painting.— It  has  been  often  stated  that  the  art  of  painting  U  a 
noble  and  expressive  language.  It  must  then  be  accurately  learnt  before  it  is  fitly 
used;  but  the  mere  fact  of  its  being  learnt  does  not  necessarily  insure  the  production 
of  great  and  admirable  pictures,  any  more  than  the  knowledge  of  ordinary  languages 
does  the  writing  of  a  great  poem.  To  produce  these  it  requires  inyentiye  genius  and 
troth  of  application,  as  well  as  familiarity  with  its  uso;  and  being  thus  an  instrument 
by  which  man  addresses  his  fellow-men  with  the  intention  of  communicating  ideas, 
tiiat  kind  of  art  will  readily  be  admitted  to  be  the'  greatest  "  which  conveys  to  the  mind 
of  the  spectator  the  greatest  number  of  the  greatest  ideas."  If  this  ia  so,  then  tratb  of 
nature,  derived  from  a  knowledge  of  Nature  and  her  laws,  is  the  only  foundation  of  true 
greatness  in  art ;  for  there  is  nothing  great  in  falsehood,  nothing  pleasing  in  ignorance ; 
and  certainly  nothing  impressive  can  be  produced  by  the  mere  repetition  and  reiteration 
of  examples  of  acknowledged  rules. 

Knowledge,  then,  is  desirable,  in  order  that  the  artist  may  understand  how  nature  is 
to  be  truly  described ;  and  in  art,  as  in  the  ordinary  affiurs  of  life,  it  is  well  to  be  aware 
of  causes  as  well  as  fiicts,  that  we  may  fitiy  perform  our  part  in  the  world.  The  know- 
ledge needed  by  the  artist,  with  regard  to  natural  objects,  involves  various  inquiries, 
spread  over  many  sciences,  and  perhaps  for  this  reason  has  not  yet  been  convenientiy 
collected  into  a  single  and  comprehensive  treatise.  We  must  resort  to  chemistry  and 
meteorology,  to  physical  geography  and  geology,  to  zoology  and  botany ;  and  from  each 
of  these  great  and  important  pursuits  we  must  seek  for  information  concerning  fiicts 
and  causes  which  can  afterwards  be  brought  to  bear  for  the  benefit  of  the  true  and 
honest  student  of  nature. 

Nor  is  information  of  this  kind  less  useful  to  the  general  reader,  who  has  been  told 
offsets,  but  has  not  yet  brought  his  information  to  bear  in  any  practical  way  on  their 
application,  whether  to  art  or  other  purposes.  Knowledge  is  good,  but  knowledge 
without  thought  and  comparison  has  but  littie  practical  value.  We  must  therefore 
trace  the  relations  of  these  sciences,  and  the  full  though  often  obscure  application  of 
the  Uws  we  discover. 

The  &ct8  and  truths  of  nature,  which  we  propose  to  consider  and  describe,  relate, 
first,  to  the  conditions  in  which  matter  is  presented  to  our  investigation  on  the  globe; 
secondly,  to  the  forces  which  affect  matter,  and  the  modifications  they  induce ;  thirdly, 
to  the  internal  structure  of  the  earth,  as  affecting  its  external  aspect ;  and,  lastiy ,  to  the 
way  in  which  the  earth  is  clothed  with  vegetable  and  covered  with  animal  life. 

In  that  part  of  the  present  treatise  devoted  to  physical  geography,  it  has  been  men- 
tioned that  the  earth  is  composed  of  matter,  and  combinations  of  matter,  presented  for 
investigation  in  the  three  forms  of  solid,  gaseous,  and  liquid.  There  is  the  solid  nucleus 
of  Umd,  an  ocean  covering  a  large  part  of  the  land,  and  an  aerial  or  atmospheric  veil 
covering  the  whole  more  or  less  completely.  First,  let  us  proceed  to  consider  the 
atmosphere  as  it  affects  the  principles  of  art — a  subject  of  vast  importance  and  great 
extent,  and  which  we  can  only  very  slightly  sketch  on  the  present  occasion. 

This  atmosphere  is  a  transparent  veil  of  elastic  matter  entirely  covering  the  earth, 
and  extending  to  a  distance  of  more  than  forty  miles  from  its  surface.  At  that  distance, 
however,  it  is  so  exceedingly  thin  and  expanded,  that  no  instruments  we  are  possessed 
of  would  enable  us  to  form  any  notion  of  its  existence.  When  it  is  considered  that  the 
diameter  al  the  earth  is  8000  miles,  the  language  used  in  respect  to  the  atmosphere, 
that  it  ia  nothing  more  than  a  thin  veil,  wUl  be  seen  to  be  justified,  for  in  reality  it 
does  not  correspond  to  more  than  a  coat  of  varnish  on  a  terrestial  globe  three  feet  in 
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diameter.  It  U,  however,  important,  when  considerod  with  ragaid  to  vofaoB  ^enomena 
of  the  earth;  and  all  living  beings  on  the  globe  actually  depend  on  the  air  they  breathe 
for  the  oontinnaiioe  of  their  ftTJatflnoe  from  one  instant  to  another* 

&l§ht.— With  reference  to  the  prinoiplee  of  ait,  the  atmoaphere  is  important  chiefly 
in  its  relations  to  light,  and  this  partly  in  its  pure  state,  without  aqueous  vapour,  and  as 
a  tubatanoe  nearly  but  not  quite  transparent,  but  chiefly  in  connection  with  the  large 
quantity  of  wat«  which  is  always  present  iu  it ;  sometimes  held  in  solution  in  a  way, 
and  to  an  esEtent,  scarcely  interfering  with  its  transparency-^ometimes  visible  in 
the  shape  of  mist,  and  sometimes  in  the  apparently  solid  form  of  cloud.  The  atmosphere 
is  greatly  affisctad  in  all  respects  by  changes  of  temperature  and  electric  eondition,  and  tfaaa 
its  phenomena  are  influenced  by  the  laws  governing  Ug^t,  heat,  and  electricity.  From 
the  action  of  audi  laws  occur  numerous  changes  of  yery  oousiderablo  magnitude  in  rel»> 
tion  to  the  condition  of  the  air  and  its  e£Pect  on  the  appearances  of  near  and  distant  objects. 

To  tho  artisi,  light  is  so  important  in  many  ways  as  to  need  a  special  study,  in 
order  to  comprehend  fuUy  its  nature,  properties,  and  effects.  It  is  important  in  itself 
positiTely,  as  being  the  cmly  meana  we  have  of  clearly  diatinguiahiiig  and  fully  oomr 
prehending  the  various  objects  that  surround  us.  In  this  sense  it  is  deain^e  tiuit  all 
should  know  something  of  its  nature,  in  order  that  we  may  learn  how  to  maloe  Use  of 
it,  and  apply  our  knowledge  to  determine  its  effects  on  various  material  objects.  But 
it  is  yery  important  to  remember,  that  without  the  atmosphere  light  would  be  of  no 
essential  use  to  us.  All  would  be  positive,  direct  light,  or  absolute  and  total  daiknasa. 
Our  visual  organs  are  so  constituted  as  to  require  certain  modifications  of  light,  and 
such  a  distribution  as  shall  insure  shadows  not  perfectly  dark.  These  are  essential  to 
tiie  use  of  our  organs  of  sight.  If  it  were  not  for  the  condition  of  the  atmoq;)hero  as 
it  existe  on  the  earth,  light  might  indeed  be  conreyed  from  the  sun  to  us,  and  thus 
reach  the  eye  directly ;  but  in  this  case^  every  object  that  interfered  between  the  aonzoa 
of  light  and  the  organ  of  vidon  would  produce  perfect  darkness;  not  a  shadow,  in  our 
sense  of  tbe  term,  but  a  blackness  or  darkness  far  greater  than  anything  we  ever  per^ 
ceive  or  can  imagine.  Total  darkness  would  occur  in  such  case  every  time  the  sun 
was  concealed.  It  would  be  impossible  to  haye  indirect  Hght,  for  within  any  building 
where  the  sun  could  not  directly  penetrate,  or  to  which  there  was  not  direct  lefleotiQn^ 
the  gloom  would  be  total  There  would  be  nothing  more  than  broad  open  sunshine, 
and  perfect  black  darkness.  Such  would  be  the  condition  of  things,  were  we  cither 
without  an  atmosphere  (if  that  were  possible),  or  provided  with  an  atmosphere  which 
was  perfectly  transparent,  and  allowed  all  light  to  pass  through  it  without  reflecting  emj. 

Our  ideas  of  light  arc,  however,  so  completely  derived  from  its  effects  as  seen  on    | 
the  earth,  and  are  thus  so  associated  with  the  results  of  atmospheric  action  in  absorb* 
ingand  distributing  it,  that  we  can  with  great  difficulty  imagine  any  fundamental    I 
modification— although  there  is  no  doubt  that  tho  conditions  of  its  existence  might  be 
very  much  altered  m  many  respects.    As  it  is,  howeyer,  their  supply  of  this  important    i 
agent  is  goyemed  and  affected  by  a  vast  number  of  causes.    Thus  a  certain  proportion 
of  the  light  coming  to  the  earth  is  at  once  absorbed,  or,  as  it  were,  annihilated ;  tho 
quantity  depending  on  the  quantity  of  air  passed  through.    It  has  been  estimated,  that 
if  our  atmosphere,  instead  of  being  forty  miles  hig^,  were  as  mm^  as  seven  hundred 
miles,  and  all  of  the  same  nature,  this  difierence  alone  would  be  sufficient  to  insure  the 
total  absorption  of  all  direct  light  from  the  sun  before  the  solid  surface  was  reached, 
la  tiiia  case  the  atmosphere  would  be  light,  but  the  earth  totally  dark. 

a#flMtloa,  aefrftction,  and  Abtoiptloa  •£  Ide]it.-Of  the  light  not  ab. 
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aorbed,  a  port  is  dispened  or  distributed  by  reflection,  so  as  to  produce  mocli  illumina- 
tion in  the  atmosphere,  where  no  direct  beams  are  introduced,  and  where  there  is  no 
direct  reflection  from  any  apparent  substance.  When  a  solid  body,  not  transparent, 
is  placed  between  the  sun  and  the  earth,  the  rays  of  light  (which  move  through  space 
in  straight  lines)  are  intercepted,  and  the  natural  result  would  be,  that  an  absolute 
Bhadow,  or,  in  other  words,  a  total  darlmftss,  would  result.  This  is  prevented  by  the 
diBpenion  of  light,  so  that  shadows  nerer  show  more  than  a  partial,  and  often  only  a 
Tery  small  decrease  of  brightness,  toning  by  gradual  degrees  from  the  deepest  obscurity 
at  the  centre,  to  a  near  approximation  towards  broad  light  at  the  edges.  Small  objects 
thus  show  less  decided  and  less  deep  shadows  than  larger  bodies,  and  the  largest  are 
greatly  affiected  in  the  depth  of  shadow  by  the  brightness  of  the  surrounding  light,  and 
the  deamaag  of  the  air.  So  also  in  the  interior  of  buildings  imperjEectly  lighted  by 
▼iudowB  opened  in  yertical  walls,  the  direct  light  that  enters  is  small,  but  ample  illu- 
minatioais  obtained  in  oonsequcnoe  of  diversion.  There  is,  howerer,  besides  true 
di^ienion,  a  large  reflection  of  light  tram  aU  solid  bodies.  Some  of  Uad^  oohmriefloct 
indoad  hardly  «DT>  absorbing  almort  ail;  whilo  cUmBs,  with  a  bii^  whto  mcfiehDe, 
reflfiot  BMdF'  til;  and  tin  tstervening  degrees  of  biightness,  with  some  modificstion 
from  flgten^  ■■iwijjiiiml  witk  tib  qaaa^ea  of  li^  absorbed— 4iio  dbdbatt  abiorhiBK 

A  pflBcil  of  U^itf  in  passing  from  tibie  sun,  proceeds  in  a  straight  line  tiU  it  leadlieB 
the  tranq^ecent  atiaoBphece  of  our  gbbe.  With  the  exception  of  th.oso  rays  that  enter 
the  atmosphere  TertioBfly  the  penoU  is  then  bent  aside,  and  continues  bending  round ; 
the  successive  departoifts  from  the  straight  line  depending  on  changes  in  the  density 
of  the  air,  and  therefore  gradually  increasing  from  the  outer  limit  of  t^  atmosphere 
to  the  solid  surface  of  the  globe.  This  deflection,  which  takes  place  eyery  time  that 
light  passes  from  one  transparent  medium  to  another,  is  called  refraeHon,  and  produces 
a  muaber  of  effects  of  great  importance.  Owing  to  this,  the  sun,  stars,  &c.,  are  never 
nte  in  the  plaoes  they  actooUy  occupy  in  relation  to  ourselves  on  the  earth;  for  tJie 
ity  thai  impinges  on  the  atmosphere,  and  is  bent  there  at  a  certain  angle,  comes  to  the 
eye  as  if  from  a  different  point  to  the  zoal  one.  So  also,  when  any  object  is  seen  through 
an  atmosphere  of  varying  densit}',  or  through  glass  or  other  transparent  substance,  all 
lays  not  entering  perpendicular  to  the  interfering  substance  arc  bent,  and  give  a  false 
idea  of  position.  The  nearer  the  sun,  moon,  or  stars  appear  to  be  to  tho  horizon,  the 
more  is  the  light  refracted,  and  therefore  the  more  false  is  the  assumed  position  of  tho 
iHNly.  At  the  rising  and  setting  of  the  heavenly  bodies,  there  is  tbus  the  maximum 
▼anstion  from  refraction. 

M  visible  objects  are  so  only  from  tho  fioct  that  they  either  emit  or  reflect  light; 
>ad  C8  evoy  part  of  a  sur&co  reflects  according  to  the  same  law,  a  complete  impression 
of  foroiia  transmitted  throiigh  the  eye  to  the  mind.  'Wlxere,  however,  either  refraction 
or  reflection  is  imperfect,  and  the  fozm  impressed  is  incomplftely  given,  mistakes 
occiur  of  the  gravest  kind. 

Kiia^e.—Atmospheric  illusions,  connected  with  irregular  and  unusual  refractLooy 
ue  well  known  to  occur  in  various  parts  of  the  world,  and  on  various  occasions.  In 
tbe  Scotch  mountains,  and  on  the  Hartz,  gigantic  shadows  have  frequently  been 
ol)S(3ved  projected  on  mists  or  doud,  sometimes  the  refleotion  of  1^  individual  observing 
tlie  phenomena,  but  not  unfrequently  enabling  a  person  to  see  distinctly  objects  which, 
uider  ordinary  dicumstances,  would  be  hidden  either  by  the  curvature  of  the  eaithor  th0 
^^^tervention  of  a  mountain.    In  the  Polar  seas,  where  causes  of  unequal  refraction  are 
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very  common,  ships  have  often  been  seen  in  the  most  extraordinary  positions ;  and  in  the 
great  desert,  the  false  appearance  of  water  and  trees  in  the  distance  is  frequent.  Under 
the  name  mirage  these  singular  phenomena  have  been  often  described.    The  fata  mor- 


▲TM08PHBKZC  ZLLU8IOM. 

ffona,  common  enough  on  the  coast  of  Sicily,  is  another  singular  example ;  and  the 
atmospheric  illusion  represented  above  will  enable  the  reader,  not  familiar  with  such 
facts,  to  judge  of  the  nature  and  extent  of  the  change  produced. 

Colour.— A  pencil  of  white  light  proceeding  ttom  the  sun  is  compound ;  being,  in 
fact,  a  combination  of  rays  of  coloured  light,  heat  rays,  rays  producing  chemical  action 
&c.,  in  certain  proportions  which  we  need  not  here  discuss.  When  light  falls  on  some 
substances  which  have  the  power  of  absorbing  colour-rays  in  a  different  proportion 
from  that  which  makes  whiteness,  the  reflected  portion  becomes  tinted  with  colour; 
and  if  a  ray  is  transmitted  through  glass,  water,  or  other  transparent  substances,  placed 
in  certain  positions,  it  is  decomposed  on  emergence,  presenting  a  line  instead  of  a  spot  of 
light,  and  exhibiting  colours  if  the  image  is  received  on  a  white  surface.  This  coloured 
line  is  called  the  prismatic  spectrum.  A  drop  of  water  and  a  prism  of  glass  perform  the 
same  operation  in  this  respect,  and  when  the  eye  is  so  placed  as  to  receive  the  images 
from  a  number  of  drops  at  the  same  time,  the  result  is  a  rainbow  or  halo,  according  to 
circumstances.  Tho  rainbow  is  then  a  result  of  the  breaking  up  into  their  several 
parts  of  the  rays  of  white  light  proceeding  from  the  sun,  each  one  being  decomposed  as 
it  passes  through  a  drop  or  vesicle  of  water  formed  in  the  air  during  a  shower,  and 
about  to  be  precipitated  in  the  form  of  a  drop  of  rain. 

It  will  then  be  easily  understood  that  a  rainbow  is  so  only  to  the  spectator,  and 
that  each  spectator  sees  his  own  bow  and  no  other.  Occasionally  a  second  bow  is  also 
seen  at  the  same  time,  outside  the  first  or  principal  one,  formed  by  rays  twice  reflected 
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-within  other  drops.  This  second  bow  has  the  colours  reyersed,  and  is  fainter  than  the 
ftrst,  more  light  being  lost  by  transmission  and  reflection.  The  natural  order  of  colours, 
or  that  obecrved  in  the  principal  arch  commencing  nearest  the  earth,  is  from  yiolct 
through  the  shades  of  blue  to  yellow,  and  thence  through  orange  to  the  shades  of  red. 

The  rainbow  is  an  arch  dei>cnding  for  its  completeness  and  magnitude  on  the  alti- 
tude of  the  Sim.  When  near  the  horizon  there  is  nearly  a  semicircle,  but  often  a  part 
IB  wanting.  When  the  observer  is  placed  on  rising  ground,  he  may  see  more  than  a 
lialf  circle,  and  if  it  were  not  for  the  interference  of  the  earth  a  circle  would  be  visible. 
In  tiie  case  of  waterfalls,  and  natural  or  artificial  fountains,  a  coloured  circular  halo  is 
not  unfirequently  seen.    The  interior  of  the  bow  is  brighter  than  the  rest  of  the  sky. 

Other  effects  of  coloured  light  are  seen  in  consequence  of  the  absorption  of  certain 
rays  while  passing  through  a  large  quantity  of  atmosphere  mixed  with  aqueous  vapour. 
In  the  absence  of  much  vapour,  more  yellow  and  red  rays  than  blue  are  absorbed,  and 
thus  we  have  the  clear  sky  showing  a  deep  blue  tint.  As  vapour  is  added,  the  blue 
becomes  first  gray,  and  then  yellow,  passing  through  orange  tints  to  the  deepest  red, 
the  blue  rays  first,  and  then  the  yoUow  being  taken  up,  and  nothing  left  but  the  red, 
when  at  early  morning  and  sunset  the  bright  light  of  the  rising  or  setting  sun  passes 
through  and  is  dimmed  by  a  large  quantity  of  atmospheric  air. 

The  peculiar  grayness  that  affects  all  lights,  whatever  be  the  quantity  or  colour,  is 
well  known  to  arUsts,  and  the  cause  of  it — ^vapour  in  the  air — should  never  bo  lost 
sight  of.  Distances  require  more  and  more  gray  as  they  recede,  and  positive  colours  of 
all  kinds  must  be  largely  qualified  with  this  sobering  mantle,  if  they  arc  to  represent 
truly  a  natural  object  in  its  natural  state. 

Colour  is  communicated  directly  to  various  objects  by  the  agency  of  the  atmosphere, 
but  it  is  also  possessed  by  them  naturally.    Thus  we  not  only  have  rocks  of  numerous 
tints  of  red,  yellow,  and  blue,  but  they  are  often  coloured  by  lichens,  mosses,  herbage, 
flowers,  and  trees ;  so  that  there  is  hardly  a  single  shade  that  may  not  be  matched  in  a 
landscape.    The  morning  and  evening  lights  passing,  as  has  already  been  said,  through 
many  layers  of  air  charged  to  a  different  extent  with  vapour,  give  all  imaginable 
colours  of  yellow  and  red  to  the  clouds,  and  mists  on  and  near  the  horizon  at  no 
great  elevation;  while  the  light  passing  somewhat  higher,  having  the  blue  and  yellow 
rays  abstracted,  gives  a  clear  rosy  tint  to  the  elevated  summits  of  mountains.    When 
these  are  covered  with  snow,  the  tint  thus  thrown  and  reflected  becomes  more  delicate 
and  exquisite  that  can  be  conceived,  and  the  contrast  afforded  between  the  last  rosy 
reflections  from  a  snowy  peak  long  after  the  sun  has  sunk  beneath  the  horizon  of  the 
plains,  and  the  cold  silvery  gray  of  moonlight  succeeding  it,  is  only  to  be  understood  by 
those  who  have  wandered  in  mountain  districts,  where  the  climate  is  fine  and  the  air  pure. 
Avroxa  Bosealla.— Temperature  greatly  affects  the  state  of  the  atmosphere  in 
regard  to  light,  both  transmitted  and  reflected,  and  thus  also  modifies  colour.    But 
besides  temperature,  the  electrical  condition  of  the  air  assists  in  producing  phenomena 
of  great  interest,  especially  in  cold  climates  and  high  latitudes.    Of  this  kind  is  the 
aurora  borealis — ^an  evidence  of  a  peculiar  kind  of  storm,  during  whose  brilliant  corus- 
cations the  electric  equilibrium  of  the  earth  is  restored.    This  phenomena  is  connected 
with  the  position  of  the  magnetic  poles  of  the  earth,  and  takes  place  in  the  upper 
regions  of  the  atmosphere,  being  frequently  seen  at  the  same  time  over  a  large  extent 
of  the  northern  hemisphere,    A  similar  apx>earance  has  been  observed  near  the  south 
pole.    Few  artists  have  ventured  to  catch  the  evanescent  and  delicate  tints  displayed 
during  this  play  of  elements.    They  are  equally  difficult  to  comiect  and  retain;  and  the 
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form  in  which  the  raya  of  colouied  light  appear^  though  often  pennaaient  for  a  consi- 
derable time,  includes  so  much  flashing,  and  such  singulorlj  shifting  points,  that  iheace 
is  little  hope  of  retaining  the  accurate  representation  of  any  portion. 

The  following  account  of  the  aurora  may,  however,  be  useful,  as  it  is  acovrate,  and 
details  the  chief  points  in  a  magnetic  stornL  At  the  commencement,  a  white  and 
luminous  doud  appears  in  the  direction  of  the  magnetic  pdb,  and  remains  there  for 
hours  in  a  stationary  position.  From  time  to  time  luminous  waves  and  bright  peiioil« 
of  light  spread  themselves  around  the  cloud,  while  bright  scintillations  and  segmeuU 
of  circles  more  or  less  illuminated,  appear  and  disappear  successively  at  different  points. 
Sometimes  the  light  of  the  cloud  is  pale  pink,  but  occaaonolly  flame  coloured,  md  Ihe 
whole  heavens  present  the  i^pearance  of  a  great  fire  blazing  near  the  horison. 

Although  the  brightness  of  the  aurora  is  often  very  considerable,  the  fixed  stars 
may  frequently  be  distinctly  seen  through  it,  showing  that  the  intensity  is  small,  and 
that  it  occurs  in  the  higher  regions  of  the  atmosphere. 

It  lasts  for  many  hours  even  in  our  latitudes,  and  further  north  is  often  almost 
incessant  during  the  long  winter  nights. 

The  annexed  Cut  represents  some  of  the  ordinary  appearances  of  an  auronit  as  seen 


in  Scotlaud,  where  it  frequently  occurs,  and 
is  often  extremely  brilliant.  In  higli  nortlicrn 
and  Bouthem  latitudeo,  the  effects,  as  has  bean 
described,  are  often  even  more  remarkable,  especially  in  the  vicinity  of  packed  ice. 
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where  the  ooroscatioiis  ore  somotimes  so  brilliant  and  of  Buch  oxtraordinaiy  yarieties  of 
distinct  colour,  qm  utterly  to  exceed  anything  in  our  own  islands.  Very  curious  modi- 
fications of  the  auroral  arch  haye  been  obserycd,  and  it  cyen  appears  that  some  districts 
are  now  more  frequently  subject  to  these  magnetic  storms  than  they  were  in  former 


OUmds.— Clouds  are  phenomena  far  more  stationary  and  more  easily  studied. 
They  consist,  howeyer,  only  of  certain  portions  of  the  yapour  present  in  the  air,  ren- 
dered yisible  frequently  by  the  oontaot  of  two  atmospheric  currraits  in  different  condi- 
tiooi  as  to  temperature  and  electricity,  and  constantly  being  destroyed  and  replaced,  eyen 
when  apparently  remaining  unchanged.  Light  fleecy  clouds,  in  the  higher  parts  of 
the  atmosphere,  are  no  doubt  immediately  connected  with  electrical  changes,  and  may 
be  independcmt  of  temperature,  and  haye  nothing  to  do  with  rain ;  but  others  nearer 
the  earth  are  more  easily  traceable,  and  more  permanent. 

Clouds  are  of  yarious  kinds,  exiating  in  yery  different  parts  of  the  atmosphere,  pro- 
duced and  modified  in  yarious  ways,  exhibiting  distinct  modes  of  grouping,  colour,  and 

fonn,  and  requiring  to  ., ^^ 

be  studied,  not  only  in 
thcmselyes,  but  with 
reference  to  the  states 
of  the  atmosphere  in 
which  each  kind  pre- 
nyls. The  hi^cst 
arc  those  already  re- 
ferred to  as  probably 
ccomectcd  with,  elec- 
trical changes  in  the 
higher  portions  of  the 
air.  Tliey  are  tech- 
nically called  cimuj 
and  yary  in  form  and 
eleyation  rapidly  and 
repeatedly.  Longhair- 
like  streaks  of  broken 
threads;  spreading  out 
in  ian-like  form,  as  if 
fromacentre;  or  small 
lumps  of  curly  vapour, 
dotted  like  fleeces  of 
cotton  over  the  sky ; — 
they  assume  on  infl- 
nity  of  shapes,  and  arc 
cominon  in  the  finest 
▼eather  in  our  lati- 
tudes, being  known  by 
various  names,  such  as 
JMie's  tail,  mackarcl 
•ky,  &c.,  which  the 
^J^oesofthe  poet  or  the  sailor  have  given. 


rAiiHia.iu><. 


It  is  often  difficidt  to  determine  their 
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elevation,  as  they  range  far  aboye  the  tops  even  of  the  loftiest  mountains;  but  ihey  have 
been  calculated  as  occurring  at  least  four  miles  above  the  surface  of  the  land  in  some 
parts  of  Germany. 

In  these  fleecy  vapours,  often  perhaps  snowy  even  in  the  greatest  heats  of  summer, 
owing  to  their  great  altitude,  are  formed  those  halos  and  parhelia,  or  £edse  suns,  which 
are  occasionally  observed ;  and  these  are  doubticss  due  to  the  refraction  of  the  liglit 
through  frozen  particles. 

Purhella.— The  following  account  of  a  remarkable  phenomenon  of  this  kind  is  from 
the  "Philosophical Transactions  of  1733,"  and  is  illustrated  in  the  Cut  in  the  preceding 
page.  It  is  by  Whiston,  who  says,  "About  10  o'clock,  a.m.,  Oct  22,  1721,  being  at 
Lyndon,  in  the  county  of  Rutland,  after  an  aurora  borcalis  the  night  before,  wind  W.S.'W., 
I  saw  an  attempt  towards  two  mock  suns.  About  half  or  three  quarters  of  an  hour 
after  I  found  the  appearance  complete,  when  two  plain  parhelia,  or  mock  suns,  appeared 
tolerably  bright  and  distinct,  and  that  in  the  usual  places — namely,  in  the  two  inter- 
sections of  a  strong  and  large  portion  of  a  halo.  The  mock  suns  were  evidently  red 
towards  the  sun,  but  pale  or  whitish  at  the  opposite  sides,  as  was  the  halo  also.  Look- 
ing upward,  we  saw  an  arc  of  a  curiously  inverted  rainbow.  This  arc  was  as  distinct 
in  its  colours  as  the  common  rainbow,  and  of  the  same  breadth. " 

Vazleties  of  ClondSa—Whcn  the  cirrus  clouds  are  abundant,  they  often  precede 
at  short  intervals  a  change  of  weather.  They  then,  in  consequence  of  altered  tempera- 
ture, and  the  meeting  of  currents  of  air  in  different  meteorological  conditions,  pass  into 
streaky  bonds  more  adherent  in  appearance  than  the  cirrus,  and  obscuring  the  light  of 
the  sun.  The  atmosphere  near  them  becomes  white ;  and  if  at  the  horizon,  strong  bands 
of  dense  vapoury  clouds  replace  the  light  fleece.  These  are  called  cirro-atratut  clouds. 
Occasionally  the  light  small  ragged  and  fleecy  portions  in  the  upper  air  become  appa- 
rcntiy  more  compact,  and  resemble  balls  of  rather  loose  cotton,  several  cumulating 
togetiier,  but  not  obscuring  to  any  extent  the  light  of  the  sim  or  moon,  which  are  readily 
seen  through  them,  surrounded  with  a  corona.    This  is  eirro-eumulut. 

The  streaky  character  of  the  cirrus  is  often  observed  in  what  seems  to  be  a  peculiar 
modification,  the  clouds  appearing  to  diverge  from  a  point  in  the  horizon,  widening  and 
spreading  out  towards  the  zenith,  and  again  collecting  towards  a  point  in  the  horizon 
diametrically  opposite  the  flrst.  This  is,  however,  an  optical  illusion;  the  clouds 
really  existing  in  parallel  bands,  and  the  collection  into  a  point  at  the  horizon  beings 
a  simple  effect  of  perspective.  The  points  of  the  compass,  towards  which  such  clouds 
appear  to  converge,  vary  in  different  places  near  the  equator ;  they  are  chiefly  north, 
and  south,  but  in  our  dimato  and  latitude  they  are  more  commonly  tending  towards 
north-east  and  south-west. 

All  these  varieties  of  cloud  apjK^ar  to  pass  into  the  cumulus^  which  arc  much  lower 
and  more  distinct  in  form,  and  often  accumulate  during  warm  weather  in  the  heat  of 
the  day,  by  the  passage  upwards  of  currents  of  heated  moist  air  meeting  the  cooler  air 
of  the  higher  regions.  Towards  night  the  currents  cease  to  rise,  the  air  dears,  and  the 
clouds  may  disappear.  But  this  is  not  always  the  case,  as  they  sometimes  continue  to 
rise,  and  passing  first  into  the  state  of  cirro  cumulus  terminate  in  cirri. 

It  is  the  cirrus  and  cumulus  douds  that  chiefly  deserve  the  careful  study  of  the 
artist.  They  present  the  most  fantastical  forms.  Their  cdour,  though  sometimes  a 
dull  gray,  is  oft;en  of  the  most  brilliant  white,  and  they  take  rosy  and  other  tints  fi*om 
the  rising  or  setting  sim.  Their  shape  is  heaped  and  massive,  feathery,  or  curl-like — 
grand,  beautiful,  or  pretty,  as  the  circumstances  of  the  moment  may  determine.    They 
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vary  in  height,  from  one  to  four  or  five  milcB,  and  in  mognitudo  from  the  thinnest  and 
smallest  yiBible  form  of  yapour  to  masses  nearly  a  thousand  yards  in  thickness. 

The  other  clouds  are  called  nimbus^  or  rain  clouds ;  and  though  occasionally  fino  in 
their  commencement  they  rarely  long  retain  this  character,  but  pass  rapidly  ^to  mist, 
and  present  only  a  uniform  monotonous  yeil  of  vapour. 

The  effect  of  clouds  on  the  distribution  of  light  in  the  atmosphere,  and  conversely 
the  effect  of  light  on  clouds,  aro  matters  very  important  to  the  artist.  Clouds  often 
transmit  red  light,  the  other  rays  being  absorbed  by  the  vapour  contained;  but  the  same 
masses  of  vapour  reflect  white  or  coloured  light,  according  to  various  circumstances  little 
understood.  The  larger  and  more  massive  clouds  reflect  light  from  all  parts  of  their 
surface,  and  thus  one  greatly  modifies  the  appearance  of  another  in  a  manner  constantly 
changing  with  the  relative  positions  of  the  cloud  and  the  sun. 

It  rarely  happens  that  clouds,  however  thick,  are  not  to  a  considerable  extent  trans- 
parent; but,  as  already  observed,  they  transmit  coloured  light,  and  being  of  different 
density  from  the  air  they  also  produce  a  certain  degree  of  refraction.  Their  edges  ai-e 
thinner  than  their  centre,  and  often  in  a  different  state  for  acting  on  light.  They  often 
cover  only  a  portion  of  the  visible  hemisphere,  and  generally  consist  of  several  very 
distinct  layers  affected  by  and  affecting  light  in  very  different  ways. 

The  eye  receives  the  idea  of  colour,  in  ordinary  cases,  only  when  a  ray  of  coloured 
light  enters  it.  But  another  mode  must  bo  mentioned  as  scarcely  less  important,  con- 
nected with  the  faculty  of  memory,  by  means  of  which  the  absent  or  complementary 
colours  are  presented  to  the  mind,  when  by  any  cause  the  eye  has  become  fatigued  by 
any  strong  light,  whether  of  white,  positive  colours,  or  black.  Thus,  after  looking  at  a 
white  object  intensely,  the  eye,  if  removed,  or  even  while  continuing  to  regard  the 
same  object,  relieves  itself  by  substituting  a  black  image,  and  the  converse ;  if  the 
object  looked  at  were  red,  bluish  green  is  the  relief;  if  orange,  blue ;  if  true  bright 
yellow,  a  deep  indigo ;  and  if  green,  a  reddish  violet ;  in  all  cases,  the  colours,  which, 
if  supplied,  would  make  up  white  light.  These  are  called  the  accidental  colours  belong- 
ing to  the  various  distinct  tints,  ond  they  affect  our  ideas  in  nature  with  respect  to  the 
colours  of  natural  bodies,  and  also  modify  greatly  tho  colours  attributed  to  clouds. 
Thus,  for  example,  the  eye  regarding  steadily  a  mass  of  cloud,  soon  becomes  fatigued; 
the  accidental  colour  is  then  seen ;  so  that  often  the  whole  impression  to  the  mind  is 
modified,  and  the  same  scene  presents  itself  differently  to  different  -penoia. 

The  actual  colours  of  clouds  then,  as  judged  by  the  eye,  and  referred  to  by  the 
artist,  depend  partly  on  the  nature  and  qiuntity  of  the  light  they  transmit,  partly  on 
the  light  reflected  by  them,  partly  on  unequal  absoiption  of  the  coloured  pencils,  and 
partly  on  tho  peculiar  constitution  of  the  eye  of  the  observer. 

Another  result  of  clouds,  and  of  lights  transmitted  or  reflected  by  them,  appears  in 
the  shadows  produced  in  connection  with  these  masses  of  vapour  in  the  air.  A  shadow 
may  arise  in  consequence  either  of  a  considerable  absorption  of  all  rays,  or  a  more  rapid 
and  complete  absorption  of  some  one  or  some  group.  In  this  latter  way  are  produced 
coloured  shadows ;  but  those  also  are  assisted  greatly  by  the  eye  and  its  imperfect 
action,  since  the  accidental  colour  presented  to  the  mind  is  often  mistaken  for  the  real 
tint.  Every  one,  looking  steadily  at  a  varied  landscape,  sees  partly  true  and  partly 
accidental  colours,  and  probably  no  two  persons  see  exactly  tho  same. 

Aeiial  P«isp««tiTe.— It  remains  to  consider  the  causes  and  physical  principles 
of  one  or  two  matters  intimately  connected  with  the  phenomena  of  light  passing  through 
the  atmosphere.    Aerial  perspective,  chiar'  oscuro,  and  tone,  aro  amongst  the  chief  of 


Digitized  by  LjOOQiC 


142  IDEA  OF  THE  EARTH  AS  A  SKELETON. 

these.  £Tcr7  artist,  cyen  mthout  knowing  their  exact  meaning,  feels  and  knoirs  tiiat 
such  things  exist — that  he  must  realize  them,  and  act  upon  them  either  hy  instiiict  or 
education.  They  are  indeed  essential  to  the  representation  of  nature  and  the  appzocia- 
tion  of  art. 

In  the  way  of  definition  wo  may  describe  aerial  perspectire  as  inyolymg  each  an 
expression  and  representation  of  space  as  to  giye  the  idea  of  distance,  and  the  aeparatian 
of  interfering  bodies  that  do  not  touch,  by  a  proper  treatment  of  the  gray  tints  in  the 
atmosphere.  Tone  is  the  relation  of  light  and  shade  in  reference  to  distance,  and  is 
given  by  a  nice  treatment  of  its  illumination,  while  chiar'  oscuro  includes  only  tint 
general  arrangement  of  light  and  shade  which  is  required  to  giro  a  proper  idea  of  real 
objects.  It  is  not,  however,  for  us  to  dwell  here  on  the  working  out  of  the  great 
principles  involved  in  these  three  essentials  of  painting,  but  rather  to  recommend  jto  the 
artist  the  due  consideration  of  their  meaning  in  reference  to  the  principles  aboTC 
enunciated. 

Fonn  and  Stractnre  of  the  Eartli.— The  operations  of  the  artist  have  reference 
to  the  representation  of  nature  generally,  and  therefore  include  form  and  structure,  as 
well  as  cflbcts  of  light  and  shade,  contrasts  of  colour,  and  peculiarities  of  atmospheric 
effect  already  noticed.  It  is  indeed  of  the  utmost  importance  that  the  landscape 
painter,  more  especially,  should  be  aware,  not  only  of  the  general  fact  timt  there  is  in 
nature  a  harmony  of  form  arising  from  and  connected  with  structure,  but  also  that  he 
should  understand  so  much  of  the  true  principles  of  structure  as  may  enable  him  to 
pursue  his  art  with  success,  and  represent  nature  with  truth. 

The  earth  may  be  considered  as  having  the  general  outlines  of  its  form  derived  from 
the  great  mass  of  underlying  rocks,  which  we  may  therefore  regard  as  the  bony  frame- 
work or  skeleton.  Clothing  this  framework,  as  the  flesh  conceals  and  covers  the 
skeleton,  is  a  mass  of  matter,  originally  obtained  from  the  degradation  and  wearing 
down  of  the  older  and  fundamental  rock  masses,  and  now  exhibited  generally  as  stratified 
and  dctrital  material,  retaining  here  and  there  the  old  form,  and  not  unfrecpiently 
penetrated  by  the  ruder  and  more  angular  projecting  angles,  but  still  characterized  by 
more  regularity  and  tamencss.  The  external  surface  usually  shows  a  yet  fiutiier 
softening,  corresponding  perhaps  with  the  skin,  as  the  stratified  masses  do  with  the 
muscle,  and,  when  draped  with  vegetation,  completing  the  development  of  form  in  the 
landscape. 

In  all  cases,  however,  the  true  hbtory  of  scenery  is  best  determined  by  reference  to 
the  soil  and  the  underlying  hard  rocks,  if  such  can  be  traced.  The  natural  forms  of  the 
resulting  mass  ought  also  to  be  compared  with  others  occurring  under  known  dnnon- 
stances  elsewhere.  The  causes  that  have  acted  to  produce  such  effects  have  been  already 
alluded  to  in  speaking  of  geology,  and  will  be  readily  understood,  including,  as  they  do, 
both  aqueous  and  igneous  forces  constantly  at  work  in  various  ways. 

Different  kinds  of  Soenexy.-— We  may  now  proceed  to  consider  something  of 
the  different  kinds  of  scenery  presented  in  various  parts  of  the  world,  chiefly  witii  a 
view  to  show  how  far  form  and  structure  are  associated,  and  also  how  fin*,  in  some  cases, 
there  is  really  no  apparent  relation  whatever.  The  Cut,  page  143,  represents  a  waste  of 
loose  sand  covering  with  perfect  uniformity  all  irregularities  of  surface.  Such  a  con> 
dition  has  probably  been  produced  by  a  slow  deposit  under  water,  and  the  subsequent 
slow  upheaval  of  a  large  tract.  The  bed  of  a  lake  or  sea  may  thus  beeome  transibrmed 
into  a  desert,  and  the  result  may  be  regarded  as  normal,  and  as  the  natural  eonsequence 
of  the  wearing  away  of  soft  rocks  by  water,  the  spreading  out  of  accumulated  sand  at 


Digitized  by  LjOOQiC 


CONTRASTS  OP  SCENERY. 


148 


the  sea  1)01101X1,  and  the  subsequent  slow  and  very  gradual  lifling  up  of  extcnsiyo 
districts. 
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The  conlBut  tetvioi.  tltknid  flame  other  kinds  of  scenery,  in  which  the  rock  is 
hard,  hroken,  mBtanuqRiQaed,  and  greaHj  elevated,  is  often  very  striking  in  every 
respect  The  one  JiJ&ll&ess,  and  tota%  without  oharacter  or  form,  possessing  a  certain 
amount  of  flBblieiity  1^  its  eztenti  hot  totaUy  unpicturosque ;  the  other  may  consist 
also  of  naked  and  ahn^UDck ;  hut  ihe  pointi  and  jagged  ends  may  appear  as  if  they 
had  only  reconity  bsaaiozii  asunder,  and  projected  into  the  upper  air. 

The  iipliei,  or  neadd^-ahapad  detached  rocks,  called  in  Switserland  aiffuiUit,  afford 
good  iUiifltrotion  of  this  lattar  cimdiiion,  and  arc  seen  to  great  perfection  in  the  central 
nmss  of  Alps  near  Mont  Blanc.  That  represented  in  the  Cut,  page  144,  ^  the  Aiguille 
de  Dm,"  is  a  singular  and  highly  illustrative  granitic  mass.  The  aiguille  is  apparently 
isolated,  and  reaches  to  the  height  of  11,000  feet  above  the  sea,  the  upper  part  fonning 
one  continuous  shaft  of  more  than  4000  feet,  gradually  tapering  to  a  point.  The  sides 
arc  rounded,  and  the  whole  appears,  as-  seen  from  a  distajice,  to  be  composed  of  ver- 
tical plates  of  granite.  It  is  perfectly  inaccessible,  and,  next  to  the  glaciers,  is  the  most 
remarkable  object  in  the  valley  of  Chamouni.  The  view  represents  this  shaft,  with  the 
Aiguille  Yert  behind  it,  the  glacier  do  Bois  descending  into  the  valley,  a  continuatLon 
of  the  Mer  de  Glaoe,  and  the  Arveyron  flowing  at  the  bottom.  In  this  remsikahlo  and 
singular  instance,  all  the  peculiar  effects  attributable  to  sudden  disruption  and  excessive 
weathering  are  very  strongly  shown  as  affecting  a  hard  rock,  and  may  be  contrasted 
with  advantage  with  other  ongulsr  and  broken  masses  exposed  to  the  action  of  the  sea 
and  ahr,  and  brought  to  their  present  condition  in  consequence  of  their  extreme 
softness. 

In  the  diagram  next  to  be  referred  to  (see  p.  14o),  several  portions  of  the  chalky  a  soft 
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Here,  as  in  the  other  cases,  there  is  ^ 
neither  soil  nor  vegetation ;  the  rock 
is  bare,  and  its  forms  are  those  duo  to 
the  nature  of  the  material  and  the 
forces  acting  on  it.  Angular  and  jagged  forms 
aro  not  less  observahle,  however,  in  this  soft 
chalk,  than  in  the  hard  granite,  although  tho 
details  are  quite  distinct.  In  other  cases  tho 
same  chalk,  instead  of  being  left  rough  and 
angular,  in  consequence  of  the  constant  undermining  action  of  the  waves,  and  the  rapW 
destruction  of  the  fallen  masses,  becomes  rounded  and  altered  by  atmospheric  influence. 
Thus  the  smooth  coombs  of  Sussex  and  Devonshire  are  not  less  characteristic  of  lime- 
stone than  the  ragged  peaks  of  the  Alps. 

These  illustrations  are  intended  to  show  contrasts  of  form,  without  reference  to 
mineral  composition  or  picturesque  effect.  Such  varieties  and  contrasts  aro  vcrj" 
common  in  nature,  and  always  harmonize  and  agree  in  tone  with  the  rocks  to  whK» 
they  correspond ;  but  they  require  great  care  in  tho  artist  to  represent  them  without 
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exaggeratioii,  and  a  certain  amount  of  knowledge  of  yarions  kinds  to  do  full  justice  to 
them. 


THK  NEKOLB  UOCKS,  ISLE  OF  \riGnT. 

Composition  of  Rocks. — It  has  been  endeaToured  to  show,  in  the  preceding 
pages,  that  the  landscape  painter  should  know  something,  not  indeed  of  the  details  of 
physics  or  chemistry,  but  of  the  brood  generalizations  that  have  been  obtained  in  those 
sciences,  and  of  the  laws  that  govern  the  internal  structure  and  composition  of  mineral 
substances.  So  it  is  also  with  regard  to  the  composition  of  rocks.  Many  of  these 
contain  portions,  showing  animal  and  vegetable  remains  in  great  abimdancc.  The 
artist  should  appreciate  the  modes  by  which  rocks  are  brought  into  the  state  in  which 
he  has  to  represent  them,  although  he  need  not  understand  palceontology,  or  be  able  to 
apeak  learnedly  concerning  fossils. 

A  knowledge  however,  of  minerals,  their  nature,  mode  of  existence,  ordinary  com- 
binations, and  the  modifications  they  may  undergo,  has  to  be  learnt.  The  important 
ones  are  simple  and  few  in  number,  as  in  a  gcncjral  sense  almost  the  whole  of  those 
varied  rocks,  presented  for  observation  and  study  over  a  large  part  of  the  earth,  consist  of 
mechanical  admixtures  of  sand,  limestone,  and  clay,  only  so  far  modified  as  to  have  their 
structure  but  not  their  form  altered.  Other  rocks,  such  as  granites,  slates,  and  those 
cooled  &om  igneous  fusion,  besides  those  of  volcanic  origin,  also  produce  great  effects  in 
scenery.   They  form  the  salient  points ;  and  around  or  upon  them  the  others  ai*e  heaped. 

Rocks  exist  in  two  conditions,  cither  being  simply  aggregated  masses,  mechanically 
formed,  or  else  similar  masses  so  far  altered  as  to  have  lost  more  or  less  completely  the 
ap  >earanoe  of  their  mechanical  origin.  The  result,  in  a  picturesque  view,  is  very 
different.  Thus  we  see  represented,  in  the  above  cut  of  the  Needles,  the  appearance  of 
a  moderately  soft  rock  (chalk),  recently  broken.  The  same  mineral,  when  much  harder, 
exhibits  very  different  scenery ;  and,  instead  of  being  worn  away  altogether  by  the  action 
of  the  sea,  it  resists  that  action,  and  forms  a  bold  prominent  headland.  In  the  study  of 
a  rook,  however,  the  effect  can  only  be  imderstood  when  the  cause  is  appreciated ;  and 
thus  it  is  not  a  mere  question  of  whether  sandstone,  limestone,  clay,  or  granite  is  present, 
bat  in  what  state  these  appear,  and  how  far  they  have  undergone  metamorphic  action. 

The  artist  and  the  critic  in  art  must  therefore  be  educated  to  a  certain  extent  in  ths 
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principle  of  Geology.  He  miut  know  how,  wheve,  and  whien  rooks  of  a  certain  natoxe 
change  in  appearance,  and  hecome  cracked,  rugged,  rotten,  or  broken ;  how  far  a  rock  is 
crystalline,  and  owes  its  peculiarities  to  that  condition,  or  naturally  compact  and  hard, 
but  not  changed  from  its  original  state.  Generally,  indeed,  position  marks  this,  but  not 
always ;  and  tlbe  unifionnity  in  composition  of  crystalline  material,  though  far  from 
inrariaUt,  k  y«C  ft  duffttdir  wwtliy  of  notice. 

As  ft  ftrtlier  Slottrfttko  of  t^iis  part  of  the  subject,  I  may  refer  to  the  great  differ- 
ences thai  exist  betw«e&  the  rough,  jagged,  crystallme  summits  of  many  mouBkain 
cfaaias  («.f.  the  1^  as  in  the  yiew  of  the  Kandal  Steig,  page  120),  the  rfMxp  and 
decided  hoi  pwfectly  distinct  slaty  (metamorphic)  rocks  on  the  flanksi  the  moire 
regukr  and  tilted  mechanical  rocks  yet  farther  from  the  central  axis,  and  the  aSavial 
flats  of  the  adjacent  raUeys. 

Thu  crystalline  rocks  form  hftrd,  rough  prominences  that  give  the  thttMrter  to  the 
whole'-4hcy  are  the  rocks  least  easily  destroyed,  the  most  varied  and  irregnlftr,  and 
those  most  frequently  occupying  the  highest  places,  because  ihufy  i^pear  to  haye  been 
generally  forced  up  fh)m  below. 

Axxangement  «f  KdOJU.—lfew  thiM  fc,  ki  i&  ^mm,  a  tmttain  degree  of  order  in 
nature  with  respect  to  the  arrangement  of  rocks  and  their  allocation,  and  also  as  to  the 
way  in  which  those  differently  metamorphosed  are  associated.  All  the  limestones,  sand- 
stones, and  clays  were  originally,  no  doubt,  simple  mechanical  heaps  of  mud  deposited 
or  removed  and  arranged  by  water.     These  heaps  becoming  dry,  and  being  acted 

on  by  various 
forces,  being 
first,  perhaps, 
sunk  down  to 
a  great  depth, 
and  after- 
wards thrust 
up  by  vio- 
lence, are  now 
by  no  means 
the  same  in 
appearance  as 
formerly;  they 
retain,  how- 
ever, fitj- 
quently  their 
foliated  or 
stratified  cha- 
racter, as 
shown  in  the 
annexed  dia* 
gram  ;  and 
when  ex- 
amined on  a 

large  scale,  are  by  no  means  so  greatly  contorted  as  is  sometimes  imagined  by  those  who 
only  study  diagrams  and  a  few  strikhig  exceptions.  Such  exceptions  are  important,  and 
UBoally  sufficiently  picturesque. 


'^-^m 


kext'8  cave,  weak  tokquat. 
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Whilst  the  stratified  mechanical  rocks  are  thus  usually  regular,  and  often  horizontal 
or  inclined  at  a  small  angle,  and  occupy  large  tracts  of  flat  or  undulating  land,  the 
other  series,  of  which  granite  is  a  wdl-known  example,  are  essentially  protruding 
rocks,  haying  been  forced  through  the  rest,  disturbing  their  horizontal  stratification, 
squeezing  into  a  smaller  compass  some  portions,  tilting  others  on  end,  and  re-arranging 
them,  as  It  were,  in  a  new  ordor.  Thus,  in  a  general  way,  when  granites  or  crystalline 
rocks  form  the  central  axis,  often  concealed.  But  firequently  approaching  and  touching  the 
sur&ce,  they  may  be  regarded  as  connected  with  the  primary  cause  of  moyement.  The 
semi-crystalline  masses  adjacent  are  again  in  strict  relation  to  the  granites,  whether 
irregular,  as  gneiss  and  various  schists,  or  presenting  all  the  beautiful  regularity  of  blue 
and  green  roofing  slates.  Of  these,  whether  fianking  others,  or  existing  indepcndenUy 
at  the  surface,  the  peculiar  characteristics  cannot  be  mistaken. 

On  the  whole,  then,  the  study  of  geology,  as  adapted  to  the  artist,  ought  to  make 
him  understand,  not  only  that  there  is  an  important  difference  in  the  appearance  of 
objects  having  a  different  origin,  but  that  the  history  of  subsequent  modifications  is 
hardly  less  important  than  an  account  of  their  origin.  It  is  not  only  the  material,  but 
what  has  been  done  with  it,  and  how  it  behaved  under  certain  changes.  Position  also, 
and  the  direction  of  stratification  in  stratified  rocks,  is  equally  desirable  to  be  under- 
stood ;  for  much  of  the  true  effect  of  rock  scenery  depends  on  these  points,  and  the 
peculiar  features  of  landscape  in  our  own  country  may  be  everywhere  traced  to  the 
same  cause. 

Position  of  certain  Aocks. — ^The  similarity  of  geological  conditions  over 
extensive  portions  of  England,  and  the  ready  contrasts  obtainable  at  small  distances,  arc 
matters  in  themselves  of  considerable  interest.  Thus,  if  any  one  were  to  travel  from 
Cornwall  to  Northumberland,  he  might,  along  the  whole  distance,  find,  either  on  his 
way  or  at  no  great  distance,  crystalline  and  metamorphic  rocks  of  the  some  age,  and  in 
something  of  the  same  condition.  The  red  sandstones,  also,  of  Devonshire,  are  repeated 
in  the  midland  counties  and  in  Cheshire,  and  re-appear  in  Cumberland.  The  limestones 
of  Bristol  arc  found  in  Derbyshire  and  Northumberland,  and  the  days  of  the  Dorset- 
shire coast  differ  in  no  respect  from  thos3  of  Oxfordshire,  the  Isle  of  Ely,  and  Lincoln- 
shire. 

"Wc  may  even  go  a  step  further,  and  walk  on  the  same  chalk  from  Beechy  Head  to 
Salisbury  Plain,  and  thence  to  Shoksperc^s  Cliff ;  we  may  follow  it  through  various 
counties  into  Cambridgeshire  and  Norfolk;  we  may  find  it  again  on  the  Yorkshire 
coast,  and  can  then  trace  it  across  the  ocean  into  Denmark  on  the  north,  and  France 
towards  the  south.  In  all  these  cases  the  same  rock  is  followed  in  the  direction  of  its 
length  and  principal  development.  It  may  be  obser\'ed  in  chalk-pits  and  other  places, 
where. the  rock  is  exposed,  that  the  lines  marking  the  separation  of  different  bods  as 
deposited,  are  no  longer  horizontal,  as  they  must  have  been  originally,  but  show  a 
decided  inclination  in  some  direction  or  other.  The  general  direction  of  this  slope, 
where  the  chalk  ranges  north-east  and  south-west  along  the  surface,  will  be  found  to 
be  south-east  \  but  where  the  direction  of  the  rock  is  east  and  west,  the  inclination  is 
sometimes  north,  and  sometimes  south.  This  remark  extends  to  the  harder  limestones 
occurring  parallel  to  the  chalk  at  some  distance  to  the  west,  and  also  to  the  intervening 
clays  and  sands. 

BKonntain  Chains.— The  order  of  displacement,  and  the  general  system  of 
elevation  thus  exhibited,  lead  us  to  a  knowledge  of  some  interesting  facts  concerning 
the  mode  in  which  mountains,  hiBs,  and  valleys  natundly  occur.     Thus,  for  example, 
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mountain  cliains  may  be  considered  to  hayc  reference  invariably  to  systems  of  clora- 
tion,  and  this,  whether  the  chains  are  lofty,  as  in  the  cose  of  the  Alps,  Andes,  Himalayas ; 
or  comparatively  low,  as  in  the  British  islands.  In  each  case  there  is  the  peculiar 
character  of  mountain  scenery,  derived  either  from  structure  or  elevation. 

KillB.— Hills,  on  the  other  hand,  are  by  no  means  always,  though  they  arc 
occasionally,  structural  phenomena ;  and  thus,  while  mountain  chains  may  be  said  in 
all  cases  to  tell  their  own  talc  distinctly  and  at  once,  hills  require  especial  study,  and  a 
reference  to  their  origin,  whether  really  owing  to  greater  hardness  than  the  surrounding 
material,  or  pushed  up  through  that  material,  or  simply  elevated  with  the  rest,  and 
forming  one  of  a  series  which,  together,  make  up  a  ridge  or  rolling,  broken  ground. 

Plains.— 'While  the  characteristic  scenery  of  mountains  and  hills  is  generally  duo 
to  what  is  called  fundamental  structure,  consisting  of  some  crystalline  or  altered  rock 
thrust  up  from  beneath,  plains,  on  the  other  hand,  arc  almost  always  formed  by  super- 
imposed rocks  deposited  horizontally  from  water,  and  little  tilted,  though  frequently- 
elevated.  Such  plains  exist,  on  a  sufficiently  large  scale,  in  all  parts  of  the  world ; 
sometimes  almost  level,  but  fi:^uently  undidating,  or  presenting  broken  surfaces  of 
moderate  extent  but  irregular  form.  They  are  sometimes  nearly  at  the  same  level  as 
the  sea — sometimes,  as  in  South  America,  in  steps  or  terraces  rising  gradually  towards 
the  interior;  and  occasionally  they  form  vast  sweeps  of  table-land,  several  hundreds,  or 
oven  thousands,  of  feet  above  the  sea. 

Physiognomy  of  Landscape  Scenevy.— It  results  from  this  mechauical 
condition  and  physical  origin,  that  there  is  a  vast  difference,  perfectly  appreciable  by 
the  traveller,  and  not  less  so  by  the  artist,  in  the  diifcrent  kinds  of  scenery  presented  in 
different  countries.  Plains,  strange  as  it  may  seem,  are  as  different  in  the  impression  they 
produce  upon  the  mind,  through  the  eye,  as  is  the  natiu^  of  the  vegetation  which  covers 
them,  or  the  climate  under  which  they  are  seen.  Mountains  also  have  a  peculiar  physiog- 
nomy, dependent  likewise  on  their  origin.  These  latter  are,  as  has  been  already  re- 
marked, indications  of  the  skeleton  subsequently  clothed  with  aqueous  deposits  often 
masking  the  original  form,  softening  the  rough  frame,  and  serving  as  a  groundwork 
for  the  lighter  drapery  of  vegetation. 

The  mountain,  as  the  salient  point,  gives  the  outline  which  the  artist  must  first 
seize.  The  peculiar  characteristic  of  this  form,  whatever  it  may  be,  whether  angular 
and  serrated,  or  rounded, — ^whether  deeply  intersected  and  jagged,  or  smooth  and  mono- 
tonous,—the  artist  must  carefully  study.  From  this,  as  a  starting  point,  he  m\ist  watch 
the  gradual  changes  that  take  place  in  passing  to  the  valleys,  the  subordinate  hills, 
and  the  spreading  plains  at  their  base.  The  annexed  Cut  (see  page  149),  showing  tho 
great  plains  of  Languedoc,  with  a  distant  view  of  the  Pyrenees,  with  some  of  the 
flanking  ridges  and  the  low  hills  that  intervene,  is  a  good  illustration  of  this  position, 
and  one  easily  appreciated,  especially  by  those  who  have  visited  similar  scenery.  For 
the  most  part,  the  plains  extending  across  the  south  of  France,  in  the  valley  of  the 
Gironde,  are  sandy  and  |  extremely  level,  covered  only  occasionally,  and  near  the  coast, 
with  any  rich  vegetation.  Towards  the  Mediterranean  there  is  a  vast  expanse  of 
pasture  land,  and  a  good  deal  that  is  arable.  On  these  pastures  nothing  interrupts 
the  view  for  very  many  miles,  till  in  tho  far  distant  horizon  the  gray  wall  of  the  Pyre- 
nees rises  amongst  the  mist  and  cloud,  and  presents  a  lino  so  little  broken  by  deep 
gorges,  that  one  may  often  doubt,  with  some  reason,  whether  the  darker  tint  is  duo  to 
the  rising  ground,  or  to  a  thicker  mass  of  vapour. 

In  studying  phenomena  of  this  kind,  and  contrasting  them  with  the  soft  undulating 
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scenery  of  our  woodlands,  or  the  bold  but  small  proportions  of  English  landscape, 
some  idea  is  obtainod  of  the  actual  meaning  of  the  physiognomical  character  of  a 
district.  I 


TirW   OF  TUK   PLAINS  OF    LANOCKDOC,   "MTITH   THE  DItTAXT  PTABIfESS. 

This  is  the  more  marked  when  there  is  nothing  essentially  different  to  attract  the 
eye,  and  remind  it  of  the  new  object,  although  the  general  features  are  on  a  different 
scale.  I  have  been  much  struck  with  this  when  standing  on  one  of  the  higher  points 
on  the  eastern  side  of  the  Alleghanics — first  looking  on  one  side  across  the  sea  of  moun- 
tains there  yisible,  and  very  imperfectly  represented  in  the  annexed  Cut  (see  page  150), 
and  then  on  the  other  to  the  vast  plains  of  eastern  Virginia,  extending  at  my  feet,  and 
reaching  to  the  Atlantic,  with  nothing  more  than  slight  and  insignificant  hills.  The 
eye,  it  is  true,  can  only  take  in  a  part,  and  often  on  extremely  small  part,  of  the  wide 
extension  that  the  mind  comprehends ;  but  no  one  can  view  and  admire  any  kind  of 
scenery  without  the  exercise  of  the  intellect  producing  its  effect,  and  guiding  the  mind 
in  the  impression  obtained. 

In  this  case  the  impression  was  essentially  that  of  vastness  and  wide  extension, 
even  when  compared  with  equally  beautiful  scenery  ;  and  it  is  worth  alluding  to  this, 
as  helping  to  explain  the  cause  of  that  idea  of  great  magnitude  which  has  often  been 
spoken  of  by  European  travellers  on  first  visiting  the  New  World.  Sentiments  of  the 
same  kind,  though  less  impressive,  are  felt  on  seeing  the  magnificent  views  from  the 
Jura,  across  parts  of  France  and  Switzerland,  or  those  of  the  great  plains  of  Germany, 
from  the  Harts  wimiTititinf 

To  the  artist  and  lover  of  art,  considerations  of  this  kind  are  very  important.  If 
he  catch  these  physiognomical  relations,  he  may  represent  the  scenery  as  it  exists,  and 
as  it  may  be  recognised ;  but  if  he  neglect  this  study— if  he  be  ignorant  of  the  prin- 
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ciples,  and  his  eye  fiul  to  catch  that  idea  of  Ihe  haimonj'  of  different  parta  "wliiA  is 
essential  to  the  tme  representation  of  natore, — he  win  not  sneceed  in  producing  a  pictme 
which  will  giye  x>ennanent  satisfiEustion  to  any  one  whose  taste  is  cnltiyated  by  the  actual 
study  of  nature  herself.  It  is  right,  however,  to  add,  that  an  artist  may  obtain  the 
required  result  without  exactly  knowing  the  soccessiYe  stages  through  which  hia  ideas 


TUW  OF  IBS  ALLSaUAKY  HOVKTAIKS. 

have  heen  conveyed  to  him ;  although  it  can  hardly  be  necessary  to  say  that  the  know- 
ledge of  causes  would  be  useful  in  the  highest  degree,  and  would  often  lead  him  to 
compositions  of  greater  freedom  and  accuracy  than  he  would  otherwise  daro  to  venture 
upon. 

AUeimUon  of  Rocks.— Every  country  exhibits  indications,  though  in  very  dif- 
ferent ways,  of  change  produced  on  the  surface  after  the  original  deposits  had  been 
completed  Some  of  these  have  been  effected  by  atmospheric  action,  spread  over 
periods  of  almost  indefinite  extent.  Elsewhere,  especially  in  north  temperate  cHmates, 
the  changes  have  been  rapid,  frequent,  irregular,  and  very  considerable. 

Occasionally,  aUo,  they  have  been  scarcely  less  considerable,  but  [are  due  to  very 
different  causes— some  decidedly  aqueous,  and  others  atmospheric. 

It  has  already  been  shown,  treating  on  the  subject  of  Descriptive  Geology,  that 
almost  all  mechanically-formed  rocks  were  deposited  beneath  the  ses.  In  the  act 
of  being  lifted  up  above  the  sea-level,  towards  their  present  position,  they  have 
been  moro  or  less  worn  while  under  the  influence  of  the  tidal  wave ;  and  it  neoeasarily 
happens  that  the  various  kind  of  rocks  have  been  very  differently  afibeted.  Thus 
a  soft  rock,  having  a  certain  amount  of  tenacity,  and  of  pretty  uniform  texture,  has 
been  scooped  out  into  sweeps  and  roimdcd  surfaces,  well  iIlustTated  by  the  chaflc  coombs 
of  Sussex,  Surrey,  and  Dorsetshire.    A  rock  also  soft,  but  with  less  tenacity,  such  as 
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the  autdfl  and  Mady  marls  common  on  muxy  eoMte  and  oTer  iride  tracts  of  comitry, 
pwjontB  a  ibrm  aUqj^er  distinct;  wliile  hard  sands,  or  hard  compaet  rocks  of  othsr 
Itinda,  ore  also  qtute  peculiar  m  their  appearanoea.  The  rfngular  scenery,  in  iheTalley»  of 
some  of  the  great  Amftrioan  liyers  running  through  yast  plains,  forms  a  good  illustra- 
tion of  this  peculiarity  of  character,  and  assiits  yet  farther  to  explain  the  striking 
difference  which  exists  between  America  and  European'  scenery,  although  the  rocks  really 
difier  Tety  little  in  any  essential  points.  80  again,  in  the  interior  of  the  coimtry  in 
Algeria,  I  hare  seen  rery  pecoliar  scenery  in  a  district  where  the  rocks  are  of  the 
age  of  o«ir  Gauh,  as dereloped  near  FoUcstone  or  in  Cambridgeshire;  but  the  rock,  not 
in  itself  very  dissimilar,  has  been  so  greatly  modified  by  the  circumstances  of  elevation,  as 
to  have  lost  entirely  its  characteristic  appearance,  and  to  present  an  entirely  new  type. 

As  water  never  passes  over  hind  without  producing  some  effect,  cither  depositing  or 
removing  earth,  or  doing  both  at  the  same  time,  and  as  there  are  few  parts  of  the  world 
in  which  water  does  not  oocasionally  make  its  way  over  the  surface,  so  we  must  always 
look  for  such  results,  sad  even  search  for  them  if  they  are  not  manifest.  There  are, 
however,  many  positions  where  we  should  naturally  look  for  greater  results  than  ebe- 
where,  stid  liiese  depend  partly  on  climate,  and  partly  on  geographical  position. 

In  addition  to  the  regular  action  of  water  on  ordinary  material,  we  occasionally  see 
Ini-ge  accumnlations  of  water-worn  rocks,  forming  hills  or  irregular  low  hillocks. 
These  are  known  in  England  under  the  name  of  gravel;  hot  larger  and  more  distinct 
heaps  are  called  in  Irdaod  4$oat%  and  similar  heaps  form  hills  of  considerable  mag- 
nitude in  Sweden  and  Denmsj^  Under  these  drcumstanoei  Hiey  «b  diitisct  £aatures, 
and  must  be  regard  aeeordiaf^y. 

ImpoarUmM  of  WttAying  Itmatiue.— Thus,  then,  H  is  efident  that  (he 
gigantic  ftamewwk  of  rodos  whidi  fimns  the  skeleton  af  Ihe  earth,  has  a  real  and 
perc^itible  influenae  oa  its  general  outline,  and  eiren  on  the  details  presented  to 
the  careful  obaexrer  of  aatece.  And  if^  in  order  to  draw  oofreedy  the  human  figure, 
it  is  desirable  ta  be  aoqualated  with  the  anatomy  of  the  human  frame,  and  study  the 
hidden  cause  of  those  numerous  prominences  and  projections  which  give  character  and 
expression  when  clothed  with  flesh,  it  is  no  less  necessary  that  the  landscape-painter 
dumld  study  the  nature  and  conditions  of  rocks,  their  usual  forms,  possible  modifica- 
tiona,  and  the  way  m  whioh  they  are  likely  to  be  covered  up,  masked,  or  modified  by 
atmoipheric  and  aqueous  aetion.  It  has  been  well  said,  by  the  author  of  *'  Modem  Pain- 
ten,"-^*'  The  laws  of  the  arganizatioa  of  the  earth  are  distinct  and  fixed  as  those  of 
the  anhBal  frame, — simpilcr  and  broader,  but  equally  authoritative  and  inviolable.  Their 
xesalta  may  be  arrived  at  without  knowledge  of  the  interior  mechanism ;  but,  for  that 
Tery  reason,  ignorance  of  them  is  ^  more  disgraoeful,  and  vic^tion  of  them  more 
m^ardoauble.  They  are  in  landscape  the  foundation  of  all  other  truths^the  moat 
aeeessary  therefore,  even  if  they  were  not  in  themselves  attractive ;  but  they  are  as 
beantiM  as  they  are  essential;  and  every  aband(ximent  of  them  by  the  artist  must  end 
in  deformity,  aa  it  begins  in  fiJaehood."* 

CfcafiOl<flattan  of  Jdm»alon»  Soonoiy.-Let  us  now  paas  on  to  the  consider- 
ation of  soencxy  deriving  its  peouliar  features  from  the  presence  of  particular  kinds 
of  reek ;  and  as  lanestones,  sandstones,  and  day,  more  or  less  altered,  and  alternating 
with  each  otiiar,  fimn  the  chief  varieties  of  stratified  material,  these  three  subdivisions, 
with  a  liMurth  on  granites,  and  other  distincdy  erystalline  masses,  and  a  fifth  on  vol- 
eanic  xwks,  will  indude  all  that  xeipiire  separate  eouderation. 
•  «  Modem  Ptinten,"  vol.  L,  p.  2C6. 
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In  order  to  understand  the  nature  and  cause  of  the  peculiar  features  of  limestQne 
scenery,  it  is  necessary  that  the  reader  should  consider  the  various  ways  in  which  cal- 
careous rock  is  presented  in  nature  in  large  masses.    This  is  the  more  fssential,  as  we 


LIXE8T0KS  >tOCXTJLi:f8  ON  TUK  COABT  OP  ARCADIA. 

sometimes  find  it  hard  and  crystalline,  perfectly  compact,  but  full  of  cracks  and  ererioes; 
while  elsewhere  the  same  mineral  is  thinly  bedded,  brittle,  and  almost  laminated. 
Occasionally  we  find  it  in  bold  escarpments,  forming  the  numerous  tcan  of  ToikBhirc 
(Gordole  Scar  and  Molham  Cove  being  admirable  examples),  the  crags  of  North  Wales 
and  Derbyshire,  and  the  bold  vertical  cliff  so  common  wherever  similar  limestone,  or 
limestones  in  similar  conditions,  are  developed  near  the  surface.  Again  we  turn  to  the 
chalk  of  the  South  of  England,  and  find  limestone  equally  pure  scooped  out  into  h<^- 
lows  by  the  action  of  water,  and  so  soft  that,  except  when  preserved  by  vegetation,  it 
is  not  only  worn  away  into  shreds  by  the  action  of  the  waves  of  the  sea,  but  swept 
smooth  by  the  rains  of  summer,  and  rendered  rotten  by  the  frosts  of  winter. 

Limestone  rocks  often  form  mountain  ranges,  and  constitute  the  essential  features 
of  the  scenery,  being  elevated  to  the  central  and  most  elevated  peaks ;  but  they  are 
more  usually  subordinate,  and  appear  only  flanking  the  igneous  rocks.  There  are  two 
ways,  however,  in  which  they  may  still  retain  the  appearance  and  character  of  the  main 
chain,  since  they  may  form  escarpments  facing  each  other,  but  at  some  distance  apart, 
cither  when  the  interval  is  occupied  entirely  with  rocks  of  much  lower  elevation,  or 
when  there  is,  between  the  escarpments,  a  continuous  and  lofty  granitic  or  other 
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crjrstalline  axia.  The  former  is  usually  the  case  where  the  elevation  has  been  mode* 
rate  and  slow,  and  the  denuding  action  considerable.  The  latter  is  tlie  case  in  the 
Alps,  and  elsewhere,  when  the  elevation  has  been  more  abrupt  and  comparatiTely  rapid, 
and  is  connected  with  a  principal  mountain  chain. 

BavdaMM.— It  is  by  no  means  necessary  that  calcareous  rock  should  be  hard, 
to  bring  about  either  of  the  appearances  above  referred  to ;  nor  indeed,  if  now  hard,  is 
it  at  all  to  be  assumed  that  the  modifications  of  form  to  which  it  has  been  subjected 
were  produced  whilst  in  this  state.  Almost  the  softest  condition,  not  merely  of  lime- 
attone  but  of  any  rock  except  blown  sand,  is  that  of  common  chalk,  as  developed  in 
many  parts  of  England ;  and  the  rounded  lines,  swelling  surfaces,  hollowed  or  rather 
scooped  out  coombs,  and  step-like  terraces,  so  characteristic  of  it,  are  too  well  known 
to  need  more  than  a  reference.  These,  however,  are  not  confined  to  our  soft  chalk. 
They  are  equally  characteristic  of  the  much  harder  chalk  of  the  valley  of  the  Seine, 
and  have  even  been  observed  in  the  hard  limestones  of  the  Caucasus,  belonging  to  the 
same  geological  period.  In  this  case  the  subsequent  induration  of  the  rock  has  not 
been  accompanied  or  preceded  by  any  dosti-uctivo  agency  affecting  its  picturesque 
appearance,  which  remains  the  same  as  in  its  original  soft  condition. 

The  colour  of  limestone  rocks  require  study  no  leas  than  the  form,  and  indeed  often 
bears  a  distinct  relation  to  hardness  and  condition,  as  being  affected  by  lichens  and  other 
dry  vegetable  matters  on  the  surface.  The  actual  colour  of  the  rock  vaiics  from  the 
most  brilliant  white,  through  all  tints  of  gray  to  blue,  being  not  unfrequcntly  reddened 
or  streaky  firom  the  presence  of  iron,  and  occasionally  passing  into  bi-own,  dark  brown, 
and  the  deepest  black,  owing  to  the  carbon  or  iron  therein  contained.  The  peculiarly 
rich  and  varied  tints  of  marbles  and  crystalline  limestones  are  rarely  sufficiently  seen, 
in  the  unpolished  rock,  to  influence  scenery ;  but  there  are  many  cffccta  in  limestone 
districts  altogether  peculiar,  and  not  unoonnected  with  the  positive  colour  of  the  rock. 

Hardness,  frequently  modifying  form  and  colour,  and  greatly  affecting  the  condition 
in.  which  Umeatone  occurs,  is  independent  of  geological  age,  and  needs  the  special  con- 
sideration of  the  artist  in  each  district  in  which  the  rock  in  question  prevails.  Much 
depends  on  the  nature  and  extent  of  weathering,  something  on  the  associated  scenery, 
and  not  a  little  on  the  clearness  or  cloudiness  of  the  atmosphere,  in  inducing  the  pic- 
turesque effects  which  form  the  artist's  study.  In  all  these,  the  element  of  hardness  is 
extremely  important. 

Oonpoettion.— Limestones  include  carbonates  of  magnesia  and  lime,  as  well  as 
pnro  carbonates  of  lime ;  and  in  some  countries  even  carbonate  of  iron  enters  largely 
into  the  composition  of  calcareous  rocks  over  extensive  districts.  In  England,  the 
dolomites,  as  the  magnesian  varieties  are  called,  usually  put  on  a  yellow  tint,  and  not 
onfrcquently,  as  on  the  coast  of  Durham,  exhibit  remarkable  forms,  owing  to  the 
unequal  and  imperfect  admixture  of  the  minerals.  In  Derbyshire  and  Toikshire  they 
arc  more  crystalline,  and  partake  of  the  appearance  of  the  semi-ciystalline  limestones; 
while  in  other  districts  they  are  easily  recognised,  owing  to  the  irregular  decomposition 
to  which  they  are  often  subjected. 

Catbonifoious  Uaiesto&e.—The  carboniferous  limestones,  extremely  charac- 
teristic of  an  important  geological  period,  were  formerly  denominated,  and  are  often 
8tin  called,  *'  mountain  limestone,"  owing  to  their  great  development  in  the  elevated  dis- 
tricts of  the  West  and  North  Ridings  of  Yorkshire,  Durham,  and  Northumberland,  the 
north  of  Derbyshire,  and  large  parts  of  Lancashire.  They  are  also  seen  in  South 
Wales,  near  the  Severn  Valley,  and  in  some  parts  of  North  Wales;  and  they  occupy  an 
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important  part  of  tho  suiface  of  Ireland.  The  delineation  of  this  rock  has  been,  fte- 
quently  and  successfuUj  attempted ;  but  it  seems  difficult  to  avoid  a  certain  amonxit  of 
mannerism.  The  chief  waterfalls  of  Yorkshire  and  Durham  (extremely  pictoreaqoe 
if  not  sufficiently  large  to  bo  grand),  the  singular  yertical  diiSi  called  sesra,  and  the  wild 
precipitous  and  ragged  masses  often  presented,  are  good  illustrations  of  mountain  lime- 
stone scenery;  while  Malham  Gove,  the  cliff  of  Dinas  Bran  near  Llangollen;  the 
Derwent  Valley  near  Matlock,  the  Chedder  clifi&,  and  the  banks  of  the  Seycm  near 
Clifton,  are  equally  characteristic  and  picturesque. 

The  High  Peak  of  Derbyshire,  and  the  narrow  cleft-like  yalleys  proceeding  from  it 
towards  the  south,  afford  a  good  example  of  the  usual  effects  observable  in  hard 
limcstono  rocks  in  this  climate.  "  Throughout  tho  whole,  tho  same  general  character 
prevails.  A  thin  mossy  verdure,  often  intermingled  with  gray  barren  rock,  adorns  tJie 
sides  of  the  hills  and  the  cliffii  of  the  valleys,  and  occasionally  the  indestructible  lime- 
stone rubble  disfigures  the  steep  acclivities,  although  even  then  a  little  brushwood 
occasionaDy  enlivens  and  diversifies  the  otherwise  sterile  scene.  The  larger  vaUeys 
posses?,  in  an  eminent  degree,  that  variety  of  object,  form,  and  colour  which  is  essential 
to  picturesque  beauty,  sometimes  united  with  a  magnitude  of  parts  where  grandeiir  and 
sublimity  preside  in  solitary  stillness. 

"  Travellers  accustomed  to  well  wooded  and  highly  cultivated  scenes  only,  have  fre- 
quently expressed  a  feeling  bordering  on  disgust  at  the  bleak  and  barren  appearance  of 
the  mountains  in  the  Peak  of  Derbyshire ;  but  to  the  man  whose  taste  is  unsophisti- 
cated by  a  fondness  for  artificial  adornments,  they  possess  superior  interest,  and  impart 
more  pleasing  sensations.  Remotely  seen,  they  are  often  beautiful.  Many  of  their 
forms,  even  when  near,  are  decidedly  good;  and  in  distance  the  features  of  rudeness,  by 
which  they  are  occasionally  marked,  are  softened  down  into  general  and  harmonious 
masses.  The  graceful  and  long-continued  outline  which  they  present,  the  breadtSi  of 
light  and  shadow  that  spreads  over  their  extended  surfaces,  and  tho  delightf^  colour- 
ing with  which  they  are  sometimes  invested,  never  fail  to  attract  the  attention  of  the 

picturesque  traveller Such  are  the  appearances  that  often  occur  amongst 

the  mountains  of  Derbyshire.  Descending  into  the  dales,  especially  those  through 
which  the  Derwent,  the  Dove,  and  the  Wye  meander,  the  eye  is  enchanted  with  bril- 
liant streams,  well  cultivated  meadows,  luxuriant  foliage,  steep  heathy  hiUs  and  craggy 
rocks,  which  administer  to  the  delight  of  the  traveller,  and  alternately  soothe  or  elevate 
his  mind  as  he  moves  along. 

«  The  broadest  and  the  deepest  valleys  are  in  the  highest  parts  of  the  Peak.  The 
picturesque  beauty  of  the  valleys  is  increased  by  the  frequently  precipitous  character  of 
the  hOls  or  rocks  which  bound  them.  The  faces  of  these  rocks  rise  ttp  almost  perpen- 
dicularly from  the  sides  of  the  valleys,  as  may  be  observed  near  Gastleton,  in  the  centre 
of  the  Peak,  and  near  Stoney  Middleton,  in  the  valley  of  the  Derwent,  where  the  Castle 
Kock  rises  to  a  vast  height,  and  obtains  its  name  from  the  singular  and  turret-like  form 
which  its  craggy  projections  and  points  assume.  Matlock  High  Tor,  and  other  rocks 
in  Matlock  Dale,  and  the  rocks  which  skirt  some  parts  of  the  valley  of  the  Dove,  are  of 
this  precipitous  character.  In  the  smaller  and  narrower  dales  the  projections  of  one 
side  have  corresponding  recesses  on  the  other."  • 

The  annexed  Cut  will  give  some  idea  of  the  nature  and  even  of  the  beauty  of  this 
scenery.  The  valley  is  indosed  by  high  rocks ;  but  here  it  opens  out  as  if  by  some  con- 
vulsion. In  this  dale  the  high  eminences  that  form  the  lateral  walls  are  often  broken 
RhodeB» "  Peak  Scenery." 
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by  projecting  rocks  anuming  the  most  fimtastic  shapes— numerous  sharp  pinnacles  and 
bold  blnfiFs  are  seen  on  either  side — awhile  tiie  stream  that  flows  at  the  base  often  dashes 
over  a  bed  of  limestone  pebbles  fallen  from  aboye,  and  murmurs  pleasantly  along, 


relieving  the  gloom  of  the  naked  rocks,  and 
at  the  same  time  tending  to  undermine  them, 
and  reproduce  the  angular  and  broken  appear- 
ance that  would  otherwise  soon  be  worn  smooth. 
At  the  same  time  the  wild  flower?,  eommon  to 
hard  limestone  rocks,  and  the  copses  of  mountain 
a^h  and  ulher  trees  in'owiug  in  feimilar  positions, 
ail  combine  to  form  a  charming  and  beautiful 
landscape,  not  less  worthy  of  remark  in  illustration  of  English  scenery,  than  as  affording 
a  good  instance  of  the  peculiarities  of  limestone  rock. 

Besides  these  remarkable  and  highly  picturesque  limestones  of  Derbyshire,  there  arc 
others  equally  picturesque,  and  of  a  somewhat  different  character,  in  the  Mendip  Hills, 
in  Somersetshire.  The  Cheddar  clifb  afford  instances  of  the  boldest  features  of  this 
kind  of  scenery,  and  of  the  most  picturesque  combinations  of  wood  with  rock.  Nume- 
rous chasms  appear,  often  nearly  vertical  and  extending  throughout  whole  mountains, 
accompanied  by  some  marked  peculiarities  derived  from  local  conditions.  The  beds 
here  are  very  distinct,  and  they  are  easily  seen  to  have  been  lifted  up  much  more  on 
one  side  than  on  the  other  of  these  vast  rents.  It  has  been  already  observed,  that  the 
valley  of  the  Mcuse,  near  Namur,  is  another  well  marked  example  of  similar  conditions 
in  rocks  of  the  same  age,  producing  similar  results. 

Ireland  afibrds  abundant  examples  of  carboniferous  limestone,  but  rarely  on  so  grand 
and  picturesque  a  scale  as  in  England.  Here,  however,  also,  there  are  not  wanting 
proofs  of  its  tendency  to  the  picturesque.  Elsewhere  in  Europe  there  are  few  instances 
of  its  development,  most  of  the  limestones  being  of  younger  date. 

Oolttic  Umestone. — From  the  carboniferous  limestone  and  dolomite,  we  pass 
on,  in  order  of  geological  arrangement,  to  the  marlstones  of  Cheltenham,  and  the  oolitic 
series,  as  developed  first  in  the  neighbourhood  of  Bath,  and  then  in  its  extension  east- 
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wards,  noiihwards,  and  southwards,  throughout  our  island.  The  same  rocks  are  far  more 
extensively  shown  in  the  Alps  and  Jura  mountains,  in  the  south  of  France,  in  the  north 
of  Bavaria,  and  in  numerous  other  parts  of  Central  Europe.  These  countries  indudc 
a  great  variety  of  scenery  in  which,  limestone  is  the  essential  element;  and  much  of 
thia  scenery  is  of  a  character  eminently  picturesque. 

The  oolites,  a  group  of  limestone  rocks  running  through  England,  from  the  •coast 
of  Dorsetshire  to  Scarborough  in  Yorkshire,  are  not  less  remarkable  than  the  carboni- 
ferous limestones  fur  a  peculiar  class  of  scenery,  and  equally  deserve  attention.  The 
prevailing  features  are,  however,  much  softer,  the  hills  lower,  and  less  abrupt — the 
valleys,  if  steep,  less  lofty,  and  the  vegetable  covering  of  a  richer  and  more  vivid  green, 
and  larger  growth.  The  colour  of  the  carboniferous  limestone  is  generally  a  dark  blue, 
passing  into  a  dead  blask,  while  that  of  the  oolites  is  usually  pale  gray,  cream-colour, 
or  doad  grayish  white.  The  liassic  portion,  indeed,  is  often  blue;  but  this  partakes 
rather  of  the  character  of  a  clay.    The  marlstono  is  of  a  creamy  white. 

The  Cotteawolds,  so  called  from  the  sheep-cotes  abundantly  dispersed  over  the 
wolds  or  hills  of  part  of  Gloucestershire,  consist  of  a  range  of  oolitic  hills  of  moderate 
elevation,  but  traceable  for  nearly  fifty  miles,  and  presenting  much  interesting  country 
both  on  the  higher  groimd  and  in  the  inclosed  valleys.  A  considerable  variety  of 
woodland  and  park-like  scenery,  of  pleasing  character,  is  met  with  in  these  districts ; 
but  there  is  little  grandeur,  and  little  that,  independently  of  association,  cultivation, 
and  other  accessories,  would  attract  the  artist 

Cretaceous  Uiii&estoues.~-The  chalk  downs,  also,  ranging  through  the  country 
from  the  south  coast  to  the  Yorkshire  clifib,  parallel  to  and  at  some  distance  from 
mountain  limestone  scars  and  the  ooHtic  wolds,  form  a  third  feature  in  the  limestone 
physiognomy  of  England.  Jutting  out  in  needles  from  the  Isle  of  Wight  and  Fl&m- 
borough  Head,  presented  in  fine  bold  cliSs  as  at  Beachy  Head,  forming  picturesque  and 
lofty  landmarks  as  at  Shakspere's  ClifF,  or  scooped  out  into  large  inland  hollows  as  in 
the  Devil's  Punch  Bowl,  on  the  old  Portsmouth  road,  the  chalk  is  equally  remarkable 
for  boldness  and  softness,  for  colour,  fonn,  and  vegetable  covering.  It  rardy,  indeed, 
exhibits  much  fine  vegetation  on  the  summits;  but  the  hollows  are  often  rich,  and  the 
general  e£fect  contributes  largely  to  give  to  England  that  peculiar  charm  so  strongly 
felt  and  so  highly  appreciated. 

There  arc,  also,  some  very  strong  and  pleasing  contrasts  presented  when  this  rock 
is  undermined  by  the  sea,  bared  by  weather  or  by  the  hand  of  man,  or  so  placed  that 
it  affords  slopes  too  steep  for  much  vegetation.  In  all  these  cases  the  bedded  nature  of 
the  rock,  its  ready  disintegration,  and  its  white  colour,  combine  to  produce  picturesque 
effects;  while  the  mixture  of  sweeping  and  abrupt  outline  always  marks  the  mechanical 
state  of  the  material. 

In  addition  to  the  usual  white  chalk  of  the  south  of  England,  there  is  a  red  variety 
of  about  the  same  hardness  in  Yorkshire,  which  somewhat  alters  the  appearance  of  the 
mass  when  seen  at  a  distance ;  and  in  other  parts  of  Europe,  nearly  adjacent,  as  in 
some  of  the  Danish  islands,  and  on  the  banks  of  the  Meuse,  in  Belgium  (at  Maestricht), 
a  different  texture  and  warmer  tint  also  effect  some  changes. 

Lizaestones  of  Continental  Bnxope.— The  characteristic  points  of  limestone 
scenery,  as  dependent  on  geological  date,  are  somewhat  different  in  other  pcurts  of • 
Europe,  but  still  admit  of  comparison.  The  valley  of  the  Mouse,  near  Namur,  exlubits, 
in  great  variety  and  singular  beauty,  the  scar  or  diff-likc  nature  of  our  mountain  lime- 
stone in  rocks  of  precisely  the  same  age.    The  chalk  of  the  north  of  France  is  identical 
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in  appearance,  though  much  harder,  than  the  chalk  of  the  North  and  South  Downs ; 
and  in  some  other  cases  similar  comparisons  might  be  safely  made.  On  the  other  hand, 
the  grand  and  picturesque  development  of  the  oolites,  as  seen  in  the  Alpine  chain  in  the 
Jura  mountains,  in  the  deeply-intersected  plateaux  of  southern  France,  and  in  those  of 
Bavaria,  are  altogether  different  from  that  of  the  corresponding  rocks  with  us. 

Here,  indeed,  the  mountain  character  is  put  on — ^the  limestone  is  indurated,  and 
often  crystalline,  and  the  projecting  jagged  edges  shoot  up  into  the  clouds,  rivalling  the 
highest  peaks  of  granite  in  the  central  axis. 

"We  need,  however,  only  travel  a  little  further  east  to  find,  in  the  mountain  range  of 
the  Caucasus,  the  very  counterpart  of  the  swelling  downs  of  Sussex,  Dorsetshire,  and 
Wiltshirp.  The  rock  is  hard,  but  the  appearances  ai*c  those  of  soft  chalk,  and  the  pecu- 
liarities of  picturesque  character  arc  described  as  strictly  analogous  by  the  few  travellers 
who  have  had  an  opportunity  of  judging. 

Amongst  the  picturesque  scenery  of  the  softer  limestones,  tho  singular  isolated 
rocks,  well  known  as  the  Needles  of  the  Isle  of  Wight,  the  coast  of  Normandy,  and  the 
coast  of  Yorkshire,  have  been  already  alluded  to,  and  have  been  figured  as  illustrating 
the  wearing  action  of  the  waves  on  such  material.  The  Cut  given  in  page  145  may  be 
referred  to  as  serving  to  give  some  idea  of  the  result  of  such  mechanical  action  undor 
circumstances  by  no  means  remarkably  favourable  for  its  rapid  progress. 


riLXXR  8  CAltiyB,  LVOLOW. 


There  are  nowhcro  finer  instances  of  the  bold  and  picturesque  varieties  of  limestone 
•ccnery— the  rock  being  brittle,  crystalline,  and  hard,  and  its  position  tilted,  broken, 
and  fragmentary,  and  placed  far  above  the  level  of  the  plains— than  those  occurring  in 


Digitized  by  VjOOQIC 


158 


LIM£STOK£S  OF  THE  CONTINENT. 


the  Alpine  range,  and  especially  in  the  extension  eastwards  of  the  main  chain  of  the  ilpi. 
In  crossing  the  great  St.  Bernard,  the  conical  peak,  called  the  **  Sugar  Loaf,"  is  seen 
rising  in  the  most  romantic  isolation.  In  the  Col  de  Bonhonimc,  and  in  various  parti 
of  the  valley  of  Aosta,  other  remarkable  peaks  occur ;  while  the  Salzburg  mountains, 
flanking  the  central  granite  axis  on  the  German  side,  and  forming  the  Tyrol,  afford 
numerous  magnificent  examples  of  all  the  peculiarities  of  form'  and  colour  that  these 
rocks  can  assume.  In  Greece,  again,  the  effects  are  equally  grand  and  strildng ;  bat  it 
is  interesting  to  find,  that  ns  we  advance  in  this  direction  the  mountain  limestone,  or 
limestone  which  forms  striking  mountain  mosses,  is  gi-adually  more  and  more  modem 
in  the  date  of  its  formation.  Thus,  while  in  England  the  so-called  mountain  limestone 
is  of  the  carboniferous  period,  in  the  Alps,  the  limestones  forming  mountain  masses  a» 
oolitic,  and  in  Greece  and  the  Caucasus  cretaceous  j  while  even  tertiary  limestones,  and 
those,  too,  of  no  ancient  date,  are  met  with  in  the  Mediterranean,  on  the  north 
coast  of  Africa,  and  in  the  East,  frowning  precipitously  above  granites  and  other 
crystalline  rocks,  and  occupying  the  front  rank  amongst  the  clement,**  of  picturesque 


CAVERNS   OF   ULDLLY    CASTLE. 


Geological  Age  no  Guide  to  Picturesque  Condition.— Thujs  we  see  that 

mere   geological    age,   except,   indeed,    in   veiy  limited    districts,  has    no  refercnc« 
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to  tiie  nctnre  or  oonditiGii  of  vocks  in  a  landscape.  Tht  Cut  in  page  167,  iUns- 
tntiag  the  appearance  and  condition  of  the  stratified  limestones  of  Aymestry,  in 
Htraftitdsldrey 


exsmple  of  one 
of  the  most 
incient  rocks 
of  this  kind, 
bat  little  al- 
tered in  rda- 
tire  position  or 
ippesiancc.  It 
belongs  to  the 
Silurian  period, 
ind  has  passed 
through  all  the 
changes  and 
modifications 
of  the  west  of 
England.  It 
has  been  snc- 
oessivelyattlie 
sea  bottom,  as 
themuddj'bed 
of  a  former 
■ct;  elevated 
to  fonn  land ; 
depressed  to  bs 
covered       up 

wifii  tens  of  th^ii5an<ls  of  fo:t  of  other  du-  f~^/,^/0hiy;C^ 
posits;  rc-elevatcHl,  and  those  tens  of  thou-.  '''(%. A'itl.ii/^^- 
■snds  of  feet  of  rock  pared  away  by  the 
waves ;  sunk  again,  and  covered  once  more,  only 
to  be  re-exposcd*,    and  yet,   during  all  these 
long  periods,  and  vast  changes,  it  has  only  bc- 
eoaie  a  little  more  compaet,  a  little  weathered 
in  appearance,  and  slightly  crystallined  in  its  tex- 
tore.    It  has  not  lost  its  stratitied  character,  and 
is  to  this  day  in  nearly  horizontal  beds.    It  still  retains 
the  vestiges  of  tlic   inhabitants  of  the  early   seas  in 
lAkih  it  was  first  deposited,  being  made  up  of  shefe  and 
corals,  and  other  substances  formerly  constructed  by 
animated  beings.  The  marks  of  these  arc  not  obliterated, 
lad  we  have  no  difficulty  in  identifying  the  rock  by  the 
nature  of  its  foasil^. 

80  again,  the  annexed  Cut  (page  158),  which  repre- 
sents caTems  in  the  carboniferous  limestone  of  Dudley, 
near  Birmingham.     These  grand  and  gloomy  caverns,  partly  natural,  but  enlarged  and 


ftpBiira  ox  Moux*  rABXASsuf. 
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rendered  iiaeful  by  art,  have  been,  excavated  in  a  hard  and  compact  but  atratifled  rock, 
retaining  throughout  abundant  indications  of  its  origin  in  innumerable  coiala  and  atany 
shells,  to  whose  labours  it  may  be  said  to  be  entirely  due.  Grand  and  gloomy  effects  of  a 
peculiar  kind  are  produced  in  this  way,  much  dependent  on  the  nature  of  the  rock,  and 
often  confined  to  peculiar  districts.  * 

The  contrast  between  these  rocks,  so  distinctly  traceable  to  a  mechanical  origin,  and 
some  others  of  much  later  date  and  of  the  same  material,  in  which  all  trajoea  of  origin 
are  lost,  is  ycry  curious  and  important.  The  cngraying  to  which  the  reader's  attention 
is  now  directed  (see  page  159),  represents  bolder  but  equally  characteristic  limestone 
scenery  of  comparatiyely  modem  date,  exhibited  in  the  classic  and  picturesque  mountain 
of  Greece.  The  abrupt  forms,  and  the  deep  clefts  through  which  springs  of  w^ter,  or 
even  sometimes  ready -formed  rivers  proceed,  are  well  marked  in  this  and  numerous 
other  instances,  and  lend  an  additional  and  peculiar  charm,  and  an  available  variety 
in  these  moimtain  tracts.  A  cascade  rushes  down  the  cleft,  dashing  its  spray  over  the 
face  of  the  rock,  and  producing  that  "dew  of  Castolie"  spoken  of  by  the  poet.  A 
hollow  rocky  basin,  on  the  margin  of  the  rill,  at  the  foot  of  the  cascade,  and  supplied 
by  its  own  perennial  spring,  is  supposed  to  be  the  fountain  in  which  the  ancient 
Pythia  bathed,  and  whence  she  drew  the  iuspii-ation  which  rendered  the  oracle  so  widely 
famed. 

&ecent  Umestones  of  Coxal  Xslands.—Eefercnce  has  already  been  made 
to  the  peculiar  agency  of  organic  beings  in  constructing  more  or  less  completely  some  of 
the  limestone  rocks.  In  some  parts  of  the  world,  where  the  labours  of  the  existing 
coral  animal  are  brought  to  light  by  the  upheaval  of  the  island  basis  on  which  they 
dwelt,  wo  find  odd  and  jagged  piles  of  this  material  in  a  state  throwing  much  light  on 
the  history  of  now  compacted  rocks,  and  not  without  a  certain  amount  of  quaint  pic- 
turesquencss.  The  annexed  diagrammatic  view  (see  page  161)  will  serve  to  illustrate 
this  condition.  Many  of  the  blocks  represented  are  ten  or  twelve,  and  some  twenty 
feet  high,  and  they  more  resemble  the  temporary  and  irreg^ar  form  of  icebergs  than  the 
permanent  condition  of  regularly  constructed  limestones.  The  following  account  of 
this  curious  appearance  is  given  by  Captain  Wilkes  in  the  United  States'  Exploring 
Expedition : — 

"As  far  as  otir  observation  went,  the  upper  portion  of  the  island  is  composed 
of  limestone  or  compact  coral  rocks ;  the  cliff  on  its  eastern  side,  where  we  first  landed, 
appearing  stratified  horizontally  in  beds  of  ten  to  twelve  feet  thick,  of  a  sort  of  conglo- 
merate, composed  of  shells,  corals,  and  pieces  of  compact  rock,  cemented  together  by  a 
calcareous  deposit.  The  under  part  of  this  bed  had  been  much  worn  by  the  sea ;  the  lich 
soil  was  composed  of  decayed  vegetable  matter  and  decomposed  limestone,  and  the  slabs 
that  were  lying  loose  on  the  surface  had  a  dinky  metallic  sound  when  struck.  The 
island  has  unequivocal  marks  of  having  been  uplifted  at  different  periods,  the  cliff  at 
two  different  heights  appearing  to  have  suffered  abrasion  by  the  sea.  Stalagmites  were 
observed  under  the  cliff,  and  also  soi4l  stalactitic  columns,  fourteen  feet  high  by  six  in 
diameter." 

The  account  of  this  island  throws  so  much  light  on  the  composition  of  the  ancient 
limestones,  and  the  causes  of  their  peculiar  features,  that  it  is  well  worthy  the  attention 
of  the  careful  student  of  nature.  Many  of  the  secondary  and  palax)zoic  rocks  consist 
partially  of  coral  banks,  and  others  contain  a  large  admixture  of  such  material.  In  all 
those  cases  the  analogy  with  the  modern  rjsks  of  the  kind  hfre  described  is  easily 
recognised. 
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Oxotto«s  and  Stalactites. — ^Mention  is  made,  in  the  preceding  notices,  of  a  coral 
island  of  oolomns  formed  in  the  manner  of  those  frequently  found  in  natural  cavems,  and 
there  called  stalactitety  or  siaiofftniteif  according  as  they  drop  from  the  roof,  or  rise  from 
the  floor.  These  sometimes,  as  in  the  great  cavcms  of  Antiparos,  and  those  of  Adclsherg, 
become  subjects  for  the  artist,  and  present  the  most  grotesque,  strange,  beautiful,  axid 


roaM  oi*  n LOCUS  or  coaal. 


even  grand  outlines.    The  following  account  of  the  Adolsberg  caverns  is  sufficiently 
striking  to  deserve  being  quoted.     It  is  from  the  pen  of  an  American  traveller : — 

"  We  advanced  with  ease,"  he  states,  "  through  the  windings  of  the  cavern,  which 
at  times  was  so  low  as  to  oblige  us  to  stoop,  and  at  times  so  high  that  the  roof  was  lost 
in  the  gloom.  But  everywhere  the  most  wonderful  varieties  of  stalactites  and  crystals 
met  our  admiring  view.  At  one  time  we  saw  the  guides  lighting  up  some  distant  gal- 
lery, far  above  our  heads,  which  had  all  the  apx>earance  of  verandahs  adorned  with 
Gothic  tracery.  At  another  wo  came  into  what  seemed  tlie  long-drawn  aisles  of  a 
Gothic  cathedral,  brilliantly  illumiratcd.  The  wliimsical  variety  of  forms  surpasses 
all  the  powers  of  description.  Here  was  a  butcher's  shop,  which  seemed  to  be  hung 
with  joints  of  meat;  and  there  a  throne,  with  a  magnificent  canopy.  There  was  the 
appearance  of  a  statue,  with  a  bearded  head,  so  perfect,  that  you  could  have  thought 
it  the  work  of  a  sculptor ;  and  further  on,  toward  the  end  of  our  walk,  the  figure  of  a 
warrior,  with  a  helmet  and  coat  of  mail,  and  his  arms  crossed;  of  the  illusion  of  which, 
with  all  my  efforts,  I  could  not  possibly  divest  my  mind.  Two  stalactites,  descending 
close  to  each  other,  are  called,  in  a  German  inscription  over  them,  with  sentimentality 
truly  Gorman,  *  The  union  of  two  hearts.'  The  resemblance  is  certainly  very  striking. 
After  passing  '  the  hearts,'  we  came  to  the  *  ball-room.'  It  is  customary  for  the  inhabitants 
of  Adelsberg,  and  the  surrounding  country,  to  come  on  Whit-Monday  to  this  grotto, 
which  is  brilliantly  illuminated,  and  the  part  called  the  ball-room  is  actually  employed 
for  that  purpose  by  the  peasantry.  A  gallery,  very  appositely  formed  by  nature,  serves 
the  musicians  for  an  orchestra,  and  wooden  chandeliers  are  suspended  from  the  vaulted 
roof.  It  is  impossible  for  me  to  describe  minutely  all  the  wonderful  varieties ;  the 
'  Fountains'  soeming,  as  they  fall,  to  bo  frozen  into  stone ;  the  '  Graves,'  with  weeping 
willows  waving  over  them;  the  'Picture,'  the  'Cannon,'  the  ' Oonfessional,'  tho 
*  Pulpit,'  the  '  Sausage-maker's  Shop,'  and  the  '  Prisons.'  I  must  not  omit  mentioning 
one  part  which,  though  less  grand  than  many  others,  is  extremely  curious.  The  stalac- 
tites have  hero  formed  themselves  like  folds  of  linen,  and  are  so  thin  as  to  be  transparent. 
Some  are  like  shirt-mffles,  having  a  hem,  and  looking  as  if  they  were  embroidered ; 
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and  tliero  is  one,  called  the  'Cuitsin,'  whick  luaga  esBudj  hk  Mtaral  M^Wlg  ft 
irhite  and  pendent  sheet,  fiveiywlieie  yon  hare  the  dripping  as  o£  a  oontiinial  shower, 
showing  that  the  mighty  iroik  is  still  going  on,  though  the  sevaral  stages  of  its  fao* 
guess  aro  imperoeptihle.  Oitr  attention  was  so  excited,  that  ve  had  walked  two  houn 
without  feeling  the  least  fbtigne,  or  heing  sensible  of  the  passage  of  time.  We  had 
gone  beyond  the  point  where  most  traTellers  had  stopped,  and  had  been  rewarded  for  it 
by  seeing  stalactites  of  undiminished  whiteness,  and  crystals  glittering,  as  the  li^t 
shone  upon  them,  like  unnumbered  diamonds." 

It  is  true  that  these  stalactites  are  local  and  unusual  conditions  of  limestone,  but 
they  deterre  some  notice  when  treating  of  the  picturesque  features  of  the  rock.  Other 
modem  Hmectones,  almost  equally  grotesque^  may  be  expected  to  exist  whererer  the 
material  has  been  rafsdly  accumulated,  and  also  when  it  has  been  qnickly  or  exten> 
siycly  disturbed.  Others,  again,  belongiDg  to  flie  tertiary  period  and  of  xeiy  late  date, 
occupy  evenly  spread  and  little  disturbed  districts,  almost  as  remarkable  ibr  monotony 
as  the  otiMis  for  varied  ovtiine.  In  the  south  of  Surope  especially,  there  are  wide  tracts 
of  tertiary  limestcnie,  presenting  «Q  the  pseaUarities  hitherto  noted— idba  being  aoft, 
and  regularly  bedded;  others  soft,  but  wiSi  no  bedding  maniftst;  some,  on  the  other  ! 
hand,  are  compact,  hard,  and  durable,  and  these  also  occasionally  show  marks  of  strati-  r 
fication,  although  they  are  often  without  any  such  indications.  I 

Ciysumine  TJiwilmmi  -"-It  remains  now  only  to  speak  of  marbles,  or  ciy».     . 
talline  limestones ;  but  these,  as  ^  as  they  belong  to  the  rocks  whose  age  is  known,     I 
have  been  already  referred  to,  and  if  purely  metamoiphic,  they  will  come  under  dis>     i 
cussion  in  a  future  chapter.    The  latter  hardly  occur  in  England  at  all,  as  the  only 
marble  quarries— those  of  Derbyshire  and  Devonshire — are  worked  in  beds  of  carbon- 
iferous  or  Devonian  limestone.    In  Greece  and  Italy,  where  statuary  marble  exists,  aad 
in  Ireland,  whence  small  samples  have  been  brought,  the  conditions  in  which  the  rock 
is  found  are  such  as  to  produce  the  scenery  of  metamorphic  and  not  of  stratified 
formations. 

Colour  and  TogotatioA  of  Ui&ostoiios.— The  colours  of  Umestone  have  been  I 
alluded  to  as  varying  greatly  under  different  kinds  of  exposure,  and  also  according  to  ' 
the  admixture  of  colouring  matter  in  the  rock.  It  may,  howeyer,  be  ccmsidcred  ihat  ! 
whito  and  gray,  of  lighter  or  darker  tints,  passing  through  very  dark  gray  into  blaok,  ! 
are  most  likely  to  prevail,  and  are  most  natural.  • 

The  vegetation  of  calcareous  rocks  is  also  a  subject  of  considerable  interest,  though     I 
the  number  of  plants  actually  confined  to  particular  minerals  is  very  small.  Orchids,  in     I 
some  districts — scented  herbs  in  another ;  short,  sweet  grass  in  a  third,  moimtain-ash, 
and  many  other  beautiful  trees  elsewhere,  vary  and  enrich  the  scenery,  and  prodoco     i 
the  effiBcts  most  striking  to  the  eye  of  the  traveller,  and  most  sought  for  by  the  artist. 

CooiclitBloift.-'In  thus  speaking  at  some  length  of  the  principal  geological  and 
geographical  fiusts  concerning  limestone  scenery,  it  may  be  noticed  that  we  have  scaxn^y 
gone  beyond  €tie  simplest  elements  of  art ;  considering  only  the  expression  of  form,  where     i 
it  is  of  necessity  striking,  and  where  tiie  representation  of  it  is  sure  to  be  sou|^t  loo*.     ' 
Tncidmtally,  however,  the  study  of  rocks,  with  a  view  to  their  proper  dejineation,  caanot     I 
fiul  to  lead  to  an  appreciation  of  those  points  of  detail  which  the  artist  most  especiany     > 
ooosider,  and  whi^  in  our  own  conntry  are  rarely  aeen  to  greater  perfection  than  id     ! 
those  dittriots  where  otleareons  rodcs  prevaiL     Ci  these  will  be  Ibund  an  aaMuat 
of  riohncn  and  variety,  in  respaet  of  fbtm,  equal  at  least  to  anytiiing  met  with  mt 
other  ncka;  and  if  oolour  ia  leas  perfee^  exeac^Med^  and  vegetation  kss  likely  t» 
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oonecal  the  ptrerailing  and  chancteiiitic  outlme,  this  affords  only  a  Btronger  axigmaeiit 
in  faTOur  of  the  usefulness  of  snob  studies.  That  ihey  yield  results  in  the  highest 
degree  satis&ctory,  the  eTidence  alzeedy  adduced,  will,  it  is  hoped,  sufficiently  show; 
and  the  sketches  in  the  foregoing  pages  will  illustrate  the  great  and  important  princi- 
ples whidh  it  has  been  our  endeayour  to  explain. 

But  in  delineating  rocks  of  this  kind,  it  is  necessary  to  urge,  aboYO  ererything,  the 
importance  of  not  being  influenced  by  any  conventional  notions  of  limestone  or  other 
rocks.  The  artist  should  go  at  once  to  nature,  to  study  there  all  possible  combinattons 
of  definite  form  belonging  to  the  constitution  of  the  rock  itself,  together  with  all  those 
subsidiary  and  derived  forms  dependent  on  its  decomposition  and  disintegration.  How* 
ever  these  may  appear  to  contradict  the  prescribed  and  admitted  outline,  and  however 
various  the  associated  rocks  may  be,  there  will  invariably  be  found  a  true  harmony 
in  all  that  nature  does,  and  it  is  the  comprehension  and  consequent  expression  of  this 
which  gives  the  highest  and  best  finish  to  every  work  of  art. 

Sand  Roclui.—'We  have  next  to  treat  of  rocks  in  which  the  mineral  called  silex 
is  a  principal  component  part.  Under  this  general  definition  must  be  included  all 
varieties  of  sand,  sandstone,  flint,  and  quartz,  wherever  and  however  it  exists ;  whether 
hard  and  compact,  or  of  the  loosest  texture,  and  blown  about  by  every  wind—whether 
pictoxeaqite  or  monotoooua— fertile  or  banen.  The  distribution  of  the  nuneral  basis  is 
so  wide,  and  the  ictnal  proportion  k  bens  to  aU  the  vest  of  the  material  of  which  the 
earth's  orast  is  built  v^  m  ftiwawtingiy  large,  that  tibe  dsaiger  and  difficulty  in 
deseribMig  its  phenoouna  wiD  waao  nther  from  the  aSmost  imiversal  presence  of  the 
substance  in  aU  forms,  than  from  any  statfwfwt  of  chsrarteriitic  features  whioh  could 
not  be  illustrated  by  a  feet 

Silica  sand  is  widely  if  not  nnivaraallyJgbsed  over  the  earth,  and  iq^eais  to  haro 
been  so  from  a  TB17  eady  podod  of  the  evdi's  history.  It  is  consolidated  into  a 
rock  by  many  dMhnml  cementing  media,  wom  mto  shapes  of  almost  every  kind  by  the 
s.ri  and  air,  hardoBed  to  every  imaginable  degree,  andisaltsmatcly  grotesque  and  grand, 
bold  and  tame,  picturesque  and  desolate.  It  presents  afl  shapes  and  all  colours.  It  is 
naked,  and  clothed  with  the  richest  vegetation;  pore,  and  mixed  with  every  possible 
impurity ;  it  takes  at  one  time  some  eminently  characteristic  form,  while  at  another 
it  is  masked  by  an  admixture  of  limestone  or  clay  to  such  an  extent  as  to  simulato 
their  physiognomy.  Occasionally  it  is  rendered  crystalline,  and  imitates  closely  the 
granites  and  porphyries  in  some  of  their  most  striking  features. 

Still  the  sand  rocks  are  not  without  their  own  form  and  character,  and  they  present 
in  England  and  elsewhere  many  interesting  and  highly  picturcrtquo  features,  llic  loose 
sands  of  the  soa  shore  lend  occasionally  tlie  best  assistance  to  form  a  middle  distance, 
and  produce  great  effects  in  marine  subjects,  but  their  very  monotony  and  unifonnity 
require  the  most  careful  study  in  drawing.  The  view  of  Lancaster  sands,  in  the  wood- 
cut inmiediately  before  us  (page  1G4),  will  remind  the  artist  both  of  the  difficulties  and 
opportunities  of  such  scenery ;  for  in  this  case  there  is  a  wide  estuary,  which  at  low  water 
forms  an  expanse  of  sand,  only  interrupted  by  the  channel  of  the  Lune.  Beyond  the 
flat  sand,  however,  we  hero  see  a  noble  background  of  mountain  scenery. 

But  sands  associated  with  clifis,  and  with  all  the  varied  effects  of  a  sea  coast, 
afford  but  imperfect  ideas  of  the  nature  of  sand  scenery  and  its  capabilities.  The 
deserts  of  Africa  and  Arabia  are  much  more  tn^r><xi^  and  are  grand  in  their  endless 
and  hopeless  monotony.  In  page  143  an  engraving  is  given  which  may  remind 
aoxDO  peisoDS  of  the  eiiwmfial  peculiarities  of  such  acenery ;  bat  it  requires  the  genius 
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of  a  Turner  to  draw  from  such  elements  the  materials  of  a  great  picture,  and  from 
the  mere  delineation  of  nature  in  her  sternest  and  least  smiling  mood,  to  produce 
a  viyid  yet  truthful  image,  hright  with  the  warmest  tints,  and  completely  triumphant 
over  the  yast  difficulties  presented  by  the  want  of  intermediate  objects  to  marie  the 
distance  of  the  horizon,  and  show  where  the  heated  air  meets  the  parched  earth,  and 
produces  the  difference  in  grayness  that  separates  the  moving  sand  below  from  the  sand> 
cloud  above.  Many  artists  indeed  have  loved  to  attempt  this  difficult  task,  but  it  is  too 
evident  that  few  have  succeeded. 

In  cases  of  this  kind  the  sand  is  rarely  coloured  highly.  There  has  been  too  mudi 
friction  of  the  grains  one  on  another,  by  the  action  of  wind  and  waves,  to  allow  of  the 
superficial  coating  of  metallic  oxides  being  retained,  and  a  slight  tint  of  red  barely 
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counteracts  the  natural  grajTioss.  Coloured  sands,  sometimes  very  brilliant,  arc  not 
wanting  in  limited  districts,  but  vast  expanses  of  sand  arc  usually  tawny  and  uniform. 
Blown  sands,  occasionally  forming  low  sweeping  hiUs  by  the  sea  side,  are  peculiar  and 
sometimes  interesting  objects  for  the  artist,  but  have  little  positive  colour. 

Soft  sands  occur  also  in  cliffs,  and  may  then  exhibit  every  variety  of  tint.  The  wcD- 
known  example  of  -Vlum  Bay,  in  the  Isle  of  AVight,  is  too  well  known  to  require  more 
than  a  reference,  and  similar  phenomena  on  a  different  scale  are  not  rare.  It  may, 
however,  be  suggested  whether  such  appearances  are  desirable  as  studies;  for  althoug^h 
certainly  natural,  they  almost  always  exhibit  an  artificial  aspect,  and  are  generally 
deficient  in  breadth  and  freedom. 

Moderately  hard  sandstones,  containing  a  larger  or  smaller  admixture  of  clayey  or 
calcareous  matter,  are  both  more  common  and  more  varied  than  those  yet  mentioned. 
They  are  of  all  geological  periods,  but  each  possesses  some  peculiarity.  Thus  the 
greensands  (so  called  by  geologists,  owing  to  the  occasional  presence  of  green  particles 
of  silicate  of  iron)  are  well  developed  in  various  parts  of  the  south  of  England  and  the 
Yorkshire  coast,  and  afford  scenery  of  remarkable  picturesqueness.  The  Underoliff  at 
the  back  of  the  Isle  of  Wight  (some  of  the  bolder  and  grander  features  of  which,  entirely 
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deiiTed  fiom  the  nstoie  and  poaition  of  the  rock,  are  well  known)  has  been  fire- 
^ently  sketched.  Black-gang  Chine  affarda  another  example  of  ttratified  land-rook 
of  moderate  and  yaiiable  hardness.  The  clifiEs  at  Hastings,  those  at  Hythe,  and  others  in 
the  same  district  between  that  town  and  Folkstone — ^the  fine  and  picturesqiie  Leith  Hill, 
the  grotesque  rocks  at  Tonbridge,  and  manj  other  well  known  spots,  have  long  since  and 
frequently  exercised  the  ingenuity  of  artidts,  and  haye  served  as  the  school  whence  some 
of  our  best  landscape  painters  haTO  obtained  their  experience  and  knowledge.  Kor  can 
there  be  better  examples  of  yaried  colour,  tone,  texture,  weathering,  and  yegetation  to  be 
found  in  rocks  of  the  same  degrees  of  hardness  and  composition.  For  many  points  they 
sSbrd  all  that  is  wanted,  and  the  artist  studying  them  carefully  may  think  he  can  become 
fimHiar  with  sand  rock.  To  a  certain  extent  only,  howeycr,  is  this  true.  There  is  a 
peculiar  character  by  which  rocks  of  the  same  age  in  the  same  country  can  often  be  iden- 
tified, and  in  Nature  there  is  always  a  harmony  observable  which  depends  on  certain  asso- 
ciations and  peculiarities  of  mineral  and  geological  condition,  and  is  the  same  in  kind 
oTer  considerable  distances  of  country  similarly  circumstanced.  When,  however,  we 
eomparo  grecnsand  scenery  with  wcolden — the  Undcrcliff  with  Hastings  cliffs  and  the 
Timhridge  rocka 
—a  marked  dif- 
ference may  be 
noted  in  colour, 
farm,  and  vege- 
tatioa,  and  each 
style  of  scenery 
is  a  study. 

The  sketch  of 
Nottingham  CaS' 
tic  before  us,  in- 
troduces us  to  a 
district  whcro 
there  exists  an- 
other kind  -  of 
sandstone  scenery' 
—where  the  rock 
is  soft,  and  in 
many  respects  not 
unlike  that  at 
Hastings;  but  yet 
where  the  result 
is  very  different 
in  reality,  owing 

to  peculiarities  of  colour  not  seen  in  the  engraving,  but  generally  producing  a  distinctly 
red  tint ;  whereas  the  others  are  greenish  or  gray.  The  effect  of  the  colour  is  aided  by  the 
existence  of  marls  not  very  common  in  the  wealden  rocks  and  greensands,  and  decom- 
posing into  a  soil  very  feivourable  for  yegetation ;  so  that  the  districts  in  which  the  new 
^  sandstone  prevails  are  remarkable  for  the  richness  of  their  pasture  land,  as  well  as  the 
^ty  of  the  trees  that  grow  there.  The  very  fact  of  the  presence  of  such  different 
^"^stcrial  as  a  component  part  of  the  rock,  involves  another  result  exemplified  in  the 
production  of  caverns,  which  takes  place  wherever  water  obtains  access,  and  can  un- 
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dermine  any  portion  withoat  bringing  down  the  wliole.  Thus  In  tlie  naigbbourbood  of 
Nottdngbam,  and  under  the  oasfle,  such  caverns  exist,  and  are  bigbly  pictveaqne ;  the 
natural  eroakm  of  water  baving  cleared  away  large  open  tpacMj  and  left  the  baxdo- 
parts  supporting  the  roof  as  pillan.  To  see  such  phenomena  in  peiiectian,  tlie 
artist  must  Tisit  a  singnkr  district  near  Dresden,  called  the  Saxon  Switsedand, 
where  they  can  he  studied  to  great  advantage.  About  eight  miles  aboro  Dresden,  on 
the  Elbe,  the  yalley  doses  in,  the  hills  become  more  lofty  and  bare,  and  one  of  those 
natural  barriers  commences,  which  in  many  parts  of  the  world  mark  some  great  geo- 
logical fkct  in  a  manner  equally  grand  and  picturesque.  For  a  considerable  distance 
the  riTer  makes  its  way  through  narrow  gorges  deeply  out  through  a  coarse  grained 
sandstone,  the  inclosing  rock  rising  in  smooth  vertical  walls  on  each  side.  At  frequent 
interralfl  there  are  similar  lateral  intersections,  so  that  tiie  whole  mass  is  divided  into 

isolated  rocks,  rising  abruptly  from 
a  low  level,  and  usually  termi- 
nating in  some  grotesque  or  pic- 
turesque form.  *^6ome  have  a 
huge  rounded  mass  rcdining  on 
their  -summit,  which  appears 
scarcely  brood  enough  to  poise  it ; 
others  have  a  more  regular  mass 
laid  upon  them,  like  the  astragal 
of  a  Doric  pillar ;  others  assume 
the  form  of  inverted  pyramids, 
increasing  in  breadth  as  they  shoot 
higher  into  the  air.  Occasionally 
they  present  a  still  more  singular 
appearance ;  for,  after  tapering  in 
a  conical  form  to  a  certain  elc- 
vatidi,  they  begin  to  dilate  again 
as  f^y  rise  higher,  and  thus  as- 
smne  the  shape  of  an  inverted 
tmneated  cone,  resembling  ex- 
actly, bat  on  an  infinitely  greater 
descending  stalactite  rests  on  an 


CA.TK&NS   AT   KOTTi:«GnAM  CABTUC. 


dt  called  the  Bastei,  though  not 


scale,  what  often  occurs  in  cavcms,  where  the 
ascon£ng  stalagmite. 

"  The  abyss,*  which  lies  deep  sunk  behind  the  i 
so  regular  as  some  others,  is  the  most  wonderful  of  all,  in  the  horrid  boldness  and 
fantastic  forms  of  its  rocks.  The  Ottawalder  Gnind  is  so  narrow,  and  its  walls  are  so 
lofty,  that  many  pails  of  it  can  never  have  felt  sunshine.  I  trode  through  the  greater 
part  of  it  on  snow  and  ice,  when  all  above  was  warm  and  cheery,  and  butterflies  were 
sporting  o\*er  its  frozen  bosom.  Sum<j  small  cascades  were  literally  liau^iii^-  '  iiozcu  in 
their  full.*  In  one  pLicc  tho  walls  are  not  more  than  four  feet  asunder.  Some  huge 
blocks,  in  their  course  from  the  summit,  Jiave  been  jammed  in  between  them,  and  form 
a  natural  roof,  beneath  which  you  must  creep  along,  above  the  brook  or  planks,  if  the 
brook  be  small,  or  wading  in  water,  if  it  be  swollen ;  for  the  rivulet  occupies  tho  whole 
space  between  the  Malls  in  this  naiTow  passage,  which  goes  under  the  name  of  '  Hell/ 
Wlica  in  one  of  these  lanes  you  find  an  aUcy  striking  off  on  one  side,  and  having 
•  From  " Kussers Ccnuanj,"  p.  153, 
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I  yvnr  tody  tloougli  it,  anotbar  iunilftr  lane,  wliioh  you  soon  fiad  croand  by 
aaoUier  of  the  same  sort,  you  might  belieye  yourself  trarenuig  the  rude  model  of  lome 
gigiatie  city,  or  ▼iriting  the  rained  abode  of  the  true  UrrttJUiL  Again,  when  from  lome 
«le¥Btsd  poiiit  you  oreriook  the  whole  mais,  and  aee  these  atajOT  bare  rocks  rising  from 
the  earth,  manifffiitingi  though  now  diajoined,  that  they  once  formed  one  body, 
yott  nig^t  think  younelf  gazing  on  the  skeleton  of  a  perishing  world,  all  the 
aofter  parts  of  which  haye  mouldered  away,  and  left  only  tho  naked  indestructible 
fsamewQi^ 

'  The  Bastey,  or  Bastion,  is  the  name  giyen  to  one  of  the  largest  masses  which  rise 
ekwe  by  the  riyer  on  the  right  bank.  One  narrow  block,  on  the  yery  summit,  projects 
into  the  air.  Perched  on  this—not  on,  but  beyond  the  brink  of  the  precipice— you 
eommand  a  prospect  which,  in  its  kind,  is  unique  in  Europe.  Tou  hoyer,  on  the 
pinnftole,  at  an  eley«tion  of  more  than  eight  hundred  feet  aboye  the  Elbe,  which  sweeps 
nmnd  thfi  bottcmi  of  the  precipice.  Behind,  and  up  along  the  liyer  on  the  same  bank, 
rise  similar  predpitoiLS  clif&,  cut  and  intersected  like  those  already  described.  From 
the  farther  bank,  the  plain  gradually  elcyates  itself  into  an  irregular  amphitheatre, 
terminated  by  a  lofty  but  sounded  raage  of  mountains.  The  striking  feature  is,  that 
in  the  bosom  of  this  amphitheatie,  a  plain  of  the  most  yariod  beauty,  huge  colunmoi 
hiUa  start  up  at  o&oe  from  tha  groudi  at  great  distances  from  each  other,  oyerlooking 
in  lonely  and  solemn  graadrar  each  ite  own  portion  of  the  domain.  They  are  monu- 
ments which  the  Bha  haa  kit  alHidiiif  to  commemorate  his  triumph  oyer  their  less 
hardy  Idmhned.  TIm  most  remarkable  aBong  them  are  the  LUimttein  and  Korngsteiuy 
which  to««c,  Madly  » th«  centre  of  the  pietore,  to  a  height  of  aboye  twelye  hundred 
feet  ahore  IIm  Inal  of  die  Hbe.  They  rise  pcipcndlcularly  from  a  sloping  base  formed 
of  dOrUj  and  now  eayered  with  natural  wood.  The  access  to  the  summit  is  so  difficult 
that  an  Elector  of  Saxony  and  King  of  Poland  thought  the  ezploKb  which  he  performed, 
in  scrambling  to  the  top  of  the  LilUnatein^  daaarring  of  being  commemorated  by  an 
inscriptian.  The  access  to  the  Konigstein  ia  artiflekl,  for  it  h^  long  been  a  fortress, 
and,  from  the  strength  of  its  situation,  ia  stffl  a  viigin  one.  Besides  these,  the  giants 
of  the  territory,  the  plain  ia  itaddsd  with  aumy  other  caliwinar  eroinannea  of  the  same 
general  character,  though  ooi  a  snail  scale.** 

Very  fine  scenery,  «Btutly  due  to  the  pecalisuRtua  of  a  nud  xook  which  is  extremely 
soft  and  readily  acted  oa  by  all  iafiuenoes,  la  seen  in  tha  fertiicy  rodcs  of  the  south  of 
Spain,  between  the  Siena  Keyada  and  the  ooast.  Here,  owing  to  the  remarkable  dry- 
ness of  the  atmosphere  and  occasional  yery  heayy  rains  which  rapidly  run  off  in 
torrents,  the  soft  sands  are  usually  left  with  walls  absolutely  yertical  on  one  or  both 
aides,  and  the  openings,  either  into  the  rich  transyerse  yaUey  of  the  Alpujarros,  or 
towards  the  yet  richer  and  almost  tropical  vegetation  towards  the  coast,  afford  the 
most  striking  contrasts  with  the  pale  gray  mass  of  barren  rock  immediately  before  one. 
Bock  of  somewhat  the  same  kind,  but  much  harder,  is  seen  at  Shanklin  chine  in  the 
Isle  of  Wight, — ^an  interesting  locality,  woU  known  to  tho  English  artist,  and  fi-equently 
sketched. 

There  ia  no  limit  to  the  number  of  familiar  examples  of  soft  sandrrock,  Toricd  almost 
always  with  occasional  harder  portions  that  have  resisted  somewhat  longer  the  aqueous 
and  atmospheric  inffuences  acting  upon  them.  The  heaths  of  our  own  country,  and  the 
pi^t^1<>i^  deserts  of  Africa,  the  grand  but  singular  rocks  of  the  Saxon  Switzerland, 
whence  may  be  seen  the  great  expanse  of  the  plains  of  Northern  Europe,  and  the  flank- 
ing hills  of  the  Sierra  ^^^eyada,  within  sight  of  palms  and  plantains,  do  but  afford 
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▼arieties  of  very  similar  mineral  conditions  modified  by  climate  and  by  geological 
causes  connected  with  cleyation. 

The  induration  of  sand  is  a  gradual  process  brought  about  sometimes  by  mere  cohe- 
sion, sometimes  by  the  infiltration  of  water  containing  iron,  carbonate  of  lime,  silica,  or 
other  subtances  in  solution,  and  sometimes  by  a  process  of  metamorphosis  tending  to  pro- 
duce a  crystalline  moss  not  unfrcquently  showing  this  tendency.  Almost  all  true  sand- 
rock,  not  yet  changed  into  massive  quartzite,  presents  some  of  the  characteristics  of  a 
conglomerate,  the  grains  of  sand  being  of  different  degrees  of  fineness,  often  passing  into 
small  pebbles,  and  sometimes  consisting  of  stones  rounded  or  angular,  of  yarious  dimen> 
sions  from  that  of  a  pin's  head  to  blocks  of  some  hundreds  of  cubic  feet.  In  the  grits 
of  all  ages  these  differences  occur,  and  in  none  more  than  those  of  the  coal  measures. 
Here,  indeed,  are  found  occasionally  all  the  varieties  and  peculiarities  of  structure  in 
this  rock,  and  not  unfrequently  in  a  highly  picturesque  manner.  The  annexed  represent 
tion  of  the  millstone  grit  is  one  of  numberless  examples.     It  shows  stratification  and 


MlULM^'.NL  Oi:li. 


structure  in  the  boldest  manner,  and  admits  of  being  referred  to  as  a  fair  example  of  a 
very  ordinary  condition  of  the  material 

Fine  examples  of  the  millstone  grit  occur  in  the  neighbourhood  of  Sheffield,  in 
Whamcliffe  Park,  and  in  other  adjacent  spots,  where  a  certain  amount  of  weather- 
ing has  communicated  that  mixed  character  to  the  rock  and  that  degree  of  decomposi- 
tion which  are  favourable  to  the  gro^'th  of  vegetation,  which  accordingly  spi-eads  itself 
about,  and  gives  life  to  the  landscape. 

With  the  exception  of  the  deep  red  and  greenish  sands  of  the  lower  cretaceous  series, 
and  the  paler  tinted  but  still  red  rock,  variegated  with  coloured  marls,  of  the  new  red 
sandstone  series,  the  prevailing  colour  of  sandstones  is  gray,  and  this  is  almost  alwa3r8 
the  tint  retained  on  weathering.  Laminated  very  frequently,  especially  when  hard, 
uniform  in  appearance  though  really  varied  in  texture,  and  usually  very  bare  of  vege- 
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tatioD.  when  in  any  degree  pnre  and  free  from  marLi,  the  sands  are  Tridely  spread  and 
▼ell  masked  formationa.  They  are  found  of  all  dates — tertiary,  sc-condnr}*,  palieozoic, 
and  metamorphic  or  crystalline ;  they  are  sometimes  thickly  bedded,  and  often  occupy 
a  lazgo  sopeifldal  nmge,  but  are  occasionally  in  thin  plates  or  bands  almost  rertical. 
Often  much  fSuilted,  and  subjected  to  the  accident  of  fracturo  when  a  tough  coherent 
mass  was  lifted  far  from  its  original  position  as  a  deposited  sand,  the  dilVcrcnt  parts  of 
a  large  series  are  also  occasionally  brought  into  comparison  and  contrast,  and  afford 
every  ojyportunity  for  showing  the  varied  action  of  climate  and  water. 

Whereyer  this  latter  is  the  case,  there  exist  all  the  elements  of  the  picturesque  in 
an  artistic  sense ;  but  no  yaluable  result  will  be  obtained  by  the  artist  without  preserr- 
ing  truth  of  detail ;  and  this  can  only  be  secured  by  a  knowledge  of  the  causes  and  a 
study  of  the  effix^t. 

Sand-rock  passes  into  quartzite, — ^the  hardest  and  most  crystalline  form  the  massive 
rock  can  assume.     This  occurs  sometimes  only  in  veins  and  fragmentary  masses,  but 


Tn£  snrkx  stonls. 


occasionally  on  a  much  larger  scale.  Extensive  masses  of  quartz  rock  arc  often  extremely 
picturesque  as  objects  in  a  distant  landscape,  but  arc  usually  too  bare  of  all  kinds  of 
vegetation  to  be  sufficient  in  themselves  to  complete  a  picturesque  landscape.    The  stem 
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•  See  Mnrchiflon's  "Silurian  System,"  pp.  268  and  SM. 
t  Mmer*B  "  Old  Ked  Sandstone,"  1S41,  p.  24. 


teoA  e^oomj  gtaudeur  of  prqj«otmg  ttanes  «f  naked  foek  iti  tbia  kmd  11U17  h^  wamewktdb 
undantood  by  the  annexed  sketch  of  the  Stiper  stcmea, — a  rexnarkahle  JTyfamy*  well 
known  to  all  who  hare  croaaed  Shxopahirc.  The  woodcnty  in  pgeoeding  pege^  roiaeecntm 
a  view  from  the  south  end  of  the  rocky  ledge,. whence  a  fine  oentnMfe  ia  obtained 
between  the  rugged  masaee  of  quartz  on  the  north  side  of  a  deep  goirge  thro^igh  which 
the  riYer  Onny  makes  its  way,  aad  the  rich  woody  lands  of  Linley  watered  by  the  aanie 
stream  after  it  has  passed  the  defile.  These  rocks  are  made  up  of  a  number  of  broken, 
and  serrated  ledges  jutting  out  to  fi:>na  the  summits  of  the  hills  at  heights  TViying  from. 
1500  to  1600  feet  above  the  sea.  They  exhibit  stratification  and  joinis,  and  are  much 
faulted ;  the  larger  of  the  rugged  isolated  projecting  fragments  being  £rom  fifty  to  sixty 
feet  high,  and  120  or  130  feet  in  width.  The  slopes  of  the  elerated  moorlands  through 
which  they  protrude,  are  coyercd  with  coarse  detritus  of  the  same  lock^  and  many  loose 
blocks  have  n^ed  down  the  ridge,  chiefly  on  the  eastern  side.* 

The  old  red  sandstone  exhibits  a  great  variety  of  the  best  and  most  pietureeque  kinda 
of  sandstone  scenery.  It  is  ebaracteristically  shown  in  parts  of  Herefordshire  and 
South  Wales ;  but  its  grandest  development  is  on  the  shores  of  Scotland,  when  it  wraps 
round  quartz  rock,  gneiss  and  granite,  and  eflfeotually  resists  the  aetion  of  the  mens  on 
these  exposed  shores. 

The  rock  is  usually  a  conglomerate  or  coarse  hard  gravel,  often  of  a  daik  red  colour. 
Occasionally  it  forms  detached  pinnacles  or  needles,  projecting  beyond  a  coast  line,  as  in 
some  of  the  western  islands  of  Scotland,  or  isolated  from  denudation  although  Selt  inland. 
"  I  have  often,"  says  Hugh  Miller,  the  historian  of  the  old  red  sandstone  of  Scotland, 
<<  stood  fronting  the  three  Ross-ahire  hills  at  sunset  in  the  fine  summer  evenings, 
when  the  clear  light  teew  the  shadows  of  their  gigantic  oone-like  forms  far  over  the 
lower  tract,  and  lighted  ixp  tfte  lines  of  their  horizontal  strata,  till  they  showed  like 
courses  of  masonry  in  a  j^fxanud.  They  seem  at  such  times  as  if  coloured  by  the 
geologist,  to  diwtingniah  them  from  the  aurrounding  tract,  and  fit>m  the  htm  on  which 
they  rest  as  on  a  mimaMm  pedeataL  Tlie  prevailing  gneiss  of  the  diahriit  nAtifei  a  cold 
bluish  hue,  hcfe  aad  there  ^ecUcd  with  white,  where  the  weathered  WTiirllffliimwl  «a§a 
of  intcrminglied  qonti  rock  jot  out  ok  the  hill-aides  from  among  the  heafh.  Thb  Ana 
huge  pynunida,  on  the  eoaiiwy,  from  the  deep  rsdof  tha  atam,  mem  flaming  in  puplM, 
13ien  Bpttmk  all  annmd  a  w^  and  desolate  landsei^e  of  hsrakan  and  shattered  hilhh 
sapantod  by  deep  and  g^my  raviaea,  that  seem  the  rente  and  taaures  of  a  planet  in 
radna,  and  that  spaik  diatinetly  of  a  period  of  convulsion,  when  upheaving  fires  from 
the  ahjaa,  and  ooaaa-onnents  above,  had  contended  in  sublime  antagoaiam,  the  one 
sknrly  elevating  the  entire  tract,  the  other  grinding  it  down  and  sweeping  it  awmy."  f 

The  character  of  the  old  red  aamtotoap,  and  the  way  in  which  it  is  broken  and  went 
away  to  form  picturesque  clifl^  is  abo  well  illustrated  in  some  parts  of  the  Irish  aoaat 
a!he  Old  Head  of  Kinsale,  near  Bandoo  in  the  south,  is  a  fine  example  of  this.  A  hoU 
headland  is  here  nearly  aeparated  from  the  mainland  by  the  action  of  the  waves,  wltieh 
have  already  worn  away  deep  cavities  beneath,  and  threaten  soon  to  complete  the 
destruction  they  have  commenced.  The  dork  frowning  and  gloomy  masses  of  rock  are 
piled  one  over  another  in  an  order  not  irregular,  and  the  hugh  step-like  terraces,  by 
which  one  may  descend  nearly  to  the  water's  edge,  are  admirable  instances  of  stratifica- 
tion. 

The  vegetation  on  sand-rocks  varies  with  the  different  circumstances  of  dccomposi- 
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lion  tnd  espQciire,  and  the  admixtiire  thera  may  be  of  ftreign  subatanoes.  Thu  vbile 
"tte  pore  qiiartnte  riseB  irhite,  naked,  end  jagged  abore  the  ground,  onlf  ooreved  with 
•  tew  drj  lidhena,  sad  xmafTeeted  hy  weather  or  atmoapbarie  change,  the  more  impnxe, 
though  atill  hard  and  eenueryBtalline  aandstones,  in  which  iron  and  a  little  marl  yet 
MmaiB,  «re  often  partially  coated  with  moss,  ferns,  and  many  other  phmta.  Quarts 
^rema,  wherever  ocenrring,  ai«  usually  too  pure  and  cryvtaQine  to  admit  of  Togiotation 
growing  on  them,  lliey  are  thus  often  mailced  at  the  surface,  and  digtangnwhed  from 
the  incloaing  rock,  while  dccompoaing  granites  or  porphyritio  rocks,  fllHng  up  fiamireB 
m  quartz  rocks,  are  not  unfrequently  marked  by  inoreaBed  fertility.  In  the  last 
compact  but  still  hard  sandstones  and  grits  of  Tarious  geological  periods,  where  the 
preaencc  of  earthy  or  metallic  impurities  has  altered  the  texture  and  oolonr  of  the  rode, 
many  trees  readily  plant  themselves  in  the  crevices ;  and  it  is  only  when  we  reach  the 
other  end  of  the  scale,  where  are  the  loose  moveablo  sands  <^  white  grains  and  eon- 
nderable  fineness,  that  we  meet  with  that  perfect  aridity  and  barrenness  which,  howerer^ 
must  be  regarded  as  characteristic  at  sand  in  its  unmixed  state. 

Water&lls  often  abound  in  sandstone  districts;  and  no  other  rocks,  perhaps,  exhibit 
more  of  the  peculiar  features  that  belong  to  that  kind  of  scenery.  But  it  is  usually 
wliere  a  certain  admixture  of  material  exists,  as  well  as  a  different  condition  of  the 
same  material,  that  fke  grander  phenomena  of  cascades  usually  occur.  In  England, 
the  araall  but  pietureaqno  &lls  at  ShankUn  and  Blackgang  in  the  Isle  of  Wight  afford 
good  illustrations  of  this  point ;  and  others  might  easily  be  mentioned.  Mixtures  oi 
wooded  and  water  scenery,  noble  forests,  soft  rounded  hills  covered  with  vegetation ; 
rich  valloys,  with  the  most  luxuriant  herbage ;  all  of  these  are  no  less  characteristic  oi 
some  kinds  of  sand  rock,  than  frowning  jagged  peaks,  naked  cli£&,  or  barren  deserts  arc 
of  other  kinds.  In  one  word,  however,  tho  difference  may  be  explained ;  for  wherever 
there  is  in  the  sand  rock  a  sufficient  admixture  of  clayey  matter  to  make  a  soil,  and 
wherever  the  rain  occasionally  falls  to  refresh  the  earth,  there  will  be  the  refreshing 
green  of  vegetatbn ;  and  where,  on  the  other  hand,  the  rock  is  oystaUine  or  pure,  oi 
the  rain  does  not  fall,  there  will  be  a  desert  and  a  waste.  The  amdi  of  Leith  Hillj  and 
other  places  m  Baofjf  the  harder  sandstones  near  Tunbridge,  and  the  millstone  grit  oi 
Berbyahire,  are  dl  exampleB  of  the  former  condition.  The  Sttper  stones  (sec  page  169), 
the  dimes  of  the  ooast  of  Flanders,  and  the  Sahara  of  Africa  are  instances  of  the  latter. 

In  this  aooount  of  tiie  peculiarities  of  limestone  and  sandstone,  the  reader  cannot 
have  Inled  to  percem  that,  notwithstanding  the  frequent  combmations  that  exist  io 
natoTB,  lliera  is  a  welL-maricod  phymognomy  belonging  to  each,  by  whidi  it  may  be 
reeogmaed  in  a  landscape.  The  mode  of  formation  is  not  very  dxflkent;  but  the 
WMtfaeiing  or  decompoaiiy  on  exposoiv,  tho  effect  of  drying  and  induration,  the  degree 
of  advance  towards  crystallisation,  and  the  general  grouping  of  vegetatioa  on  each,  ar  j 
thiDgs  that  may  be  recognised  and  delineated.  It  is  certainly  necessary  to  the  truth  oi 
maftsautation,  that  they  should,  in  all  their  details,  be  familiar  to  the  landscape  artist ; 
bat  this  can  only  propedy  be  done  when  he  knows  their  origin  and  history. 

Clay  Roeka.— The  phyaiognamy  of  day  rock  in  its  various  degrees  of  induration 
and  weathering,  involves  perhaps  quite  as  many  and  as  well  marked  peculiarities  as 
either  of  those  already  described.  Like  them  it  is  sometimes  hard  and  almost  crystal- 
line; but,  unlike  them,  it  is  apt  to  form  into  a  sort  of  pasty  condition  with  water  (whieli 
acts  upon  tho  softer  varieties  with  singular  rapidity) ;  thus  producing  results  altogether 
fifferent  from  those  where  the  materifll  acted  on  is  either  thrown  down  by  undermining, 
or  worn  moely  by  attrition. 
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Clay  ifl  too  well  known  to  need  deiBcription.  In  its  limple  fonn,  as  mere  argQlaceoas 
earth,  it  forms  not  merely  tlio  bottoms  of  valleys,  but  low  difis,  often  vertical  but  con- 
stantly changing.  It  is  mostly  associated  with  tame  and  wooded  scenery,  and  often 
forms  the  foreground  in  cultivated  tracts.  Most  of  the  decomposed  material  of  varioiu 
kinds,  from  various  rocks,  ultimately  becomes  so  far  mixed  up  with  argillaceous  earth  as 
to  asnmie  the  distinctive  characters  of  clay,  and  be  regarded  as  belonging  to  this  daas 
of  rock.  It  may  readily  be  imagined,  that  in  this  state,  easily  and  rapidly  acted  on  by 
atmospheric  changes  of  all  kinds — sometimes  washed  away  by  rain—- sometimes  blown 
about  by  winds— at  one  season  formed  into  a  tenacious  paste,  at  another  hard  and 
fissured  by  broad  open  crevices,  the  material  in  question  will  have  to  be  regarded  more 
as  dependent  on  associations  than  as  having  of  itself  a  distinct  aspect. 

The  effect,  however,  of  the  earthy  foreground  of  vegetable  soil,  and  of  clay  rocks 
in  this  condition,  is  eminently  favourable  in  most  cases  to  the  growth  of  plants,  and  is 
therefore  one  of  the  most  important  adjuncts  to  the  beautiful  in  all  landscapes.  Lime- 
stone or  sandstone  alone,  or  associated,  but  without  much  clay,  is  comparatively 
barren,  and  wants  the  essential  fertilizing  principle.  Clay,  or  argillaceous  earth,  gives 
this.  It  receives  and  retains  water — ^it  gives  that  mechanical  support  needed  by  the 
roots  of  plants.  It  contains,  receives,  and  distributes  better  than  anything  else,  the 
various  chemical  substances  that  are  necessary  or  useful  to  plants,  and  whose  presence 
or  absence  in  many  cases  determines  the  existence  of  species ;  and  finally,  it  combines 
and  renders  more  useful  various  simple  minerals,  although  itself  an  irregular  compound 
of  valuable  mLsccllaneous  substances. 

It  will  be  understood  at  once  by  the  artist,  and  by  every  one  who  has  a  feeling  for 
landscape,  how  important  a  study  must  that  be  whidi  considers  the  principles  of  fore- 


MK'V  or  TliK  PLAINS  OF  TDEBES. 


groimd,  and  the  relations  of  earth  and  clay  with  hard  rock.      Thus  one  ccmdition  of 
clay  is  recognised,  and  this  may  be  regarded  as  the  simple  and  normal  condition,  little* 
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altered  firom  that  in  wliich  it  was  originally  deposited  firom  suspension  in  water.  When, 
hoverer,  this  same  substance  has  bo^i  long  exposed  to  those  influences  which  are  con- 
stantly in  action  on  the  earth,  a  change  superrenes,  and  the  clay  becomes  more  com- 
pact, harder,  less  affected  by  moisture,  and  assumes  a  tendency  to  split  in  certain 
directions  much  more  readily  than  in  others.  In  other  words,  it  becomes  crystalline, 
and  tends  to  pass  either  into  slate  or  daystone  porphyry,  according  to  circumstances  of 
association  with  other  minerals.  Slate  is  the  second  condition  of  clay,  and  is  altoge- 
ther distinct  from  the  first. 

£yen  in  its  softest  and  most  easily  worn  state,  clay  admits  of  the  picturesque  merely 
as  a  rock.  Instances  of  this  in  England  are  rare,  and  of  yery  temporary  duration ;  but 
in  the  dry  warm  climates  of  the  south  of  Europe  and  north  of  Africa,  especially  the 
latter,  there  are  examples  well  worthy  the  attention  of  the  artist.  The  nearest  approach 
to  them  is  seen  in  some  parts  of  the  Yorkshire  coast,  where,  however,  the  hiUs  are  low, 
and  the  phenomena  confined  to  the  coast.  Within  the  range  of  the  Little  Atlas,  and 
about  sixty  miles  in  the  interior  from  Algiers,  is  a  scene  of  this  kind  singularly  striking. 
There  is  here  a  wide  extent  of  broken  ground  between  and  amongst  the  elevated  ridges 
of  the  mountain  chain,  and  of  this  a  large  portion  is  occupied  by  tertiary  marls  and 
days.  These  arc  loose  in  texture,  and  have  been  but  little  cultivated.  In  places  there 
are  large  tracts  where  no  cultivation  appears  to  have  been  attempted,  and  where  the 
ground  h  cut  up  into  a  number  of  pyramidal  hills,  each  formed  of  a  multitude  of  small 
similar  hillocks.   The  channel  that  has  _.— ^ 

been  taken  by  each  little  stream  of  z  r-/'^        .''/^'^** 

water  during  the  rains  of  one  season 
remains  till  the  next,  and  tlic  whole 
scene  is  a  curious  mixture  of  the 
picturesque  and  the  desolate  not  cosily 
described.  Something  of  the  same 
kind,  connected  with  much  grander  but 
not  much  uiore  lofty  mountains,  is  seen 
in  the  south  of  Spain,  at  the  back  of  the 
great  Sierra  Nevada,  where  soft  clays 
form  a  sort  of  flanking  range  facing 
the  Sierra  de  Gador. 

In  plains,  the  peculiarities  of  clay 
arc  so  varied,  and  so  frequently  repre- 
sented, that  it  is  hardly  necessary  to 
give  an  example  near  home.  The  an- 
nexed Cut  (page  172),  representing  the 
plains  of  Thebes,  is  interesting  as  an 
example  of  muddy  detritus  brought 
down  and  accumulated  within  the  lost 
few  hundred  years,  within  which  time 
the  plain  has  actually  increased  in 
breadth  by  one  half,  while  no  less  than 
seven  feet  of  mud  have  been  deposited. 
The  element  of  the  picturesque  is  not 
here  connected  with  the  mineral  or  its 
condition.      In  another  illustration  is  represented  a  view  of  the  abbey  and  cliff  at 


WIIITUY  CLIPr  AXI>  ABBEV. 


Digitized  by  VjOOQ  IC 


174. 


SLATES  AS  VARIETIES  OF  CLAY  ROCKS. 


Whitby,  irbero  the  blnif  appetranoe  is  not  dne  to  the  strength  hut  the  weakness  of  Ihs 
material,  and  to  the  &ot  tiiat  the  eea  wean  away  the  loft  rock,  and  removes  it  at 
about  the  same  rate.  In  this,  and  many  similar  oases,  the  effect  of  weathering  is  at 
first  sight  almost  the  same,  on  soft  unresisting  clays  as  it  is  on  hard  sandstones  and 
granite;  but  a  Uttle  consideration  will  show  that  this  is  only  the  case  apparently,  and 
that  reaUy  the  changes  must  be  of  yery  different  nature  and  extent 

However  this  may  be,  the  days  found  in  England,  such  as  the  London  clay,  ^o 
guult  (seen  near  Folkestone),  the  Oxford  and  Eimmeridge  clays  (forming  the  fen  districts 
of  Huntingdonshire,  Cambridgeshire,  and  Lincolnshire),  the  Lias  (well  shown  at  Lyme 
Regis,  Dorsetshire,  and  Whitby,  in  sea  clilb  and  in  yarious  places  in  inland  sections), 
and  the  soft  shales  of  the  coal  measures,  will  all,  or  any  of  them,  serve  as  illnstrationa 
of  the  rock. 

Slate  is  a  mineral  identical  with  clay  in  its  composition,  but  so  difEerent  in  appear- 
ance as  to  require  special  consideration.  Its  hardness  and  remarkable  capacity  of  being 
split  in  paralld  layers  of  any  degree  of  thinness  are  among  the  first  qualities  to  be 
noted.  It  is  not  capable  of  mixture  with  water,  as  clay  is,  and  thus  weathers  in  a 
manner  altogether  peculiar,  changing  indeed  very  little  by  ordinary  exposure.  While 
also,  clays  usually  occupy  valleys  and  low  hills,  date  forms  great  mountain  masses,  and 
is  mot  with  amongst  metamorphic  limestones  and  sandstones,  granite,  poiphyry,  and 


Txsw  or  SKXDDAW  (a  slate  mountain), 

qoartz  toc^  It  ediibits  varieties  of  colour  as  well  as  form,  and  is  remarkaUe  fbr  a 
peooliar  blue  tint,  admirably  shown  both  in  Wales  and  Cimiberiand  where  slates 
ahoond. 

Slates,  like  olffys,  are  of  all  geological  dates.    In  England,  indeed,  and  the  British 
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Uaoda,  fiiey  aro  only  met  with  amongst  the  older  roeks,  risixig  aa  moimtaioB  in  Bomo  ef 
the  finest  scenery  of  which  our  ootmtry  can  boast  Thus  the  round-backed  Sldddaw 
(see  nuezed  Cut),  owes  its  form  to  the  nature  of  its  composition  and  the  texture  of  the 
racL  In  the  Alps,  howerer,  and  in  other  mountain  chains,  the  oase  is  diffisrent,  and 
the  dates  are  £ur  more  modem. 

The  steep  difis  of  the  Rhine,  in  some  of  the  narrowest  and  most  picturesque  kcali- 
tio,  sfod  lonaikahle  illustrations  of  the  nature  of  schists,  which,  after  all,  are  but 
mndifieatioiia  of  akte  rock.  The  accompanying  view  of  the  Lurloi,  a  well-known  spot 
toiBosttEaTelkra,  may  be  useful  in  recalling  a  few  oharactors  of  scenery  not  without 
great  istsrest  in  itscll  besides  haying  real  Tftlue  as  showing  the  result  of  that  tendency 
to  ipiit  which  belongs  to  the  hard  rocks  of  this  kind. 

It  would  not  be  <tifficult  to  refer  to  other  and  very  different  scenes,  were  it  necessary 
to  Aaw  how  raried  is  the  detail,  and  at  the  same  time  how  fixed  the  general  character 
of  the  scenery  that  depends  on  the  action  of  known  laws  of  the  composition  and 
ttroctore  of  locki. 

Few  materials  exhibit  more  interesting  rorieties  of  colour  than  those  of  which  clay 
is  die  bssis.    We  may  say,  as  a  broad  generalixation  (subject  to  yery  numerous  excep- 

ti(His),  that  if  white  and  gray 
are  characteristic  of  lime- 
stones, rod  in  the  same  way 
is  a  common  tint  of  sand- 
stones, and  blue  of  days. 
But  clays  take  other  colours, 
and  are  especially  liable  to 
be  marked  by  vegetation. 
They  are  also  certain  to  show 
a  considerable  Toriety  of 
light  and  shade  from  the 
broken  surface  exposed  in 
cliffs. 

While,  however,  clay  cliSs 
are  thus  broken,  and  even 
jagged  and  rough,  being 
usually  freshly  broken,  the 
lower  hillocks  that  have 
fallen  down  will,  if  not  car- 
ried away  by  the  sea,  present 
a  smooth  aspect,  and  be 
covered  with  grass.  Flank- 
ing hiUs,  too,  where  this 
material  is  present,  are  neces- 
sarily smooth,  and  often 
tame.  They  nowhere  rise 
out  of  the  surface,  but  repose^ 
often  heavily  enough  as  a 
dead  weight  upon  it.     M 


maem  or  lU  unun  ox  rnm  uiiKa. 


^S^ttom^  ^Mrefbn,  c3ay  hiUs  are  subordinate  and  tame. 

WhntUnMaaacof  day  dtenMto  with  BHadstone  and  limeatane,  and  are  ezpoMd 
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to  tho  action  of  the  weather,  the  clay  is  the  rock  most  readily  removed  by  such  action ; 
but  the  removal  of  the  clay  necessarily  produces  tho  falling  of  the  other  bodies ;  so  that, 
although  in  such  case  hard  rock  forms  the  largest  part  of  a  series,  the  presence  of  clay, 
which  allows  the  water  to  remove  the  support  of  the  overlying  mass,  produces  the 
destruction  of  these  same  superincumbent  masses.  Thus  are  produced  many  waterfalls, 
and  thus  also  such  waterfodlB  assume  their  peculiar  and  picturesque  features.  Thia  is 
the  case  with  some  of  those  in  the  north  of  England,  but  is  most  remarkably  exem- 
plified in  the  great  falls  of  the  Niagara,  which  are  due  to  the  undermining  of  portions 
of  clay  strata,  which  are  removed  more  rapidly  than  the  rock  above.  One  of  the 
peculiar  characters  of  slate  scenery  arises  from  tiie  sharp  angular  fracture  which  ia  to 
bo  observed  in  it,  and  the  smallness  of  the  separate  portions.  This  is  the  contrary  of 
what  is  noticed  in  unaltered  clays,  where  there  is  breadth  of  tone  and  uniformity  of 
character  always  to  be  observed.  In  slate,  on  the  contrary,  there  is  a  minuteneasin 
the  separate  portions  which  cannot  bo  mistaken.  In  the  case  both  of  sea  cliffii  and 
quarries,  wherever  slate  has  been  considerably  worked,  or  much  exposed,  and  where 
it  is  consequenUy  worn  by  the  lustion  of  the  sea,  there  is  often  found  a  peculiar  depth 
of  colour ;  and  generally  in  these  cases  a  purple  tint  is  the  one  that  prevails,  which 
is  accompanied  by  a  peculiar  softness  almost  resembling  tho  bloom  seen  on  fruit. 
This  is  peculiar  to  slate  and  clay  rocks,  and  is  derived  &om  tho  inherent  softness  of 
the  material  itself,  although  in  the  mass  it  may  have  become  hardened.  This  most 
essential  peculiarity  ought  never  to  be  lost  sight  of  in  drawing  rocks  of  the  kind  now 
i  under  consideration.  There  is  also  a  peculiarity  of  tone  which  ought  to  bo  represented. 
As  tho  mosses  of  slate  that  are  presented  in  quarries  and  clif&  are  essentially 
angular  in  detail,  so  thoso  masses  of  slate  which  are  presented  in  mountains  arc 
essentially  hard  in  the  mass.  This  is  especially  seen  in  the  slate  moimtains  of  Scot- 
land ;  and  it  occiura  also  in  "Wales  and  in  the  principal  mountains  of  Cumberland. 
The  peculiar  roundness  on  one  side,  and  the  angular  shape  on  the  other,  is  charac- 
teristic of  tho  rock  in  either  case.  "Wlicre  there  ore  pools  and  lakes  of  water 
accompanying  slate,  wo  veiy  often  have  exceedingly  fine  effects,  and  especially 
in  those  cases  where  the  water  falls  in  considerable  masses  over  slate  rock.  The  general 
features  of  a  slate  and  day  district  vary  very  much,  owing  to  the  irregular  action  of 
water ;  and  this  must  always  be  the  case,  because  water  acting  at  different  times  of  tho 
year  produces  different  effects.  It  is  very  seldom  the  case  that  slate  rocks  are  wiUiout 
some  appearance  of  vegetation,  usually  consisting  of  lichens,  and  very  often  in  rocks  of 
this  kind  there  are  littie  crevices  and  ledges  allowing  of  larger  plants  to  make  their 
appearance.  It  is  also  not  imcommon  for  slate  rocks  to  have  both  quartz  and  limeatone 
veins  traversing  them,  and  then,  as  the  limestone  decomposes,  it  mixes  with  the  clay,  and 
produces  marl.  The'  seeds  of  plants  blown  about  by  the  winds,  or  deposited  by  birds, 
grow  in  these  recesses,  and  even  a  tree  sometimes  appears  splitting  open  the  rock, 
and  making  a  way  for  its  roots.  The  consequence,  is  the  production  of  a  peculiar 
association  of  rich  vegetation,  with  otherwise  wild  scenery.  This  natural  planting 
on  slate  adds  to  the  picturesque  character  of  the  rock.  It  sometimes  happens  that 
schists  and  slates  are  associated  with  large  quantities  of  silicious  matter,  forming  a 
very  hard  but  irregular  mass;  and  when  exposed  to  the  action  of  the  sea,  this 
decomposes  in  a  striking  manner,  producing  very  bold  sea  cliffs.  This  is  the  case 
on  the  coast  of  Ireland,  and  also  on  the  coast  of  the  Isle  of  Man,  where  Douglas  Harbour 
shows  very  beautifully  the  form  which  such  rock  can  assume.  Numerous  instances  of 
the  same  kind,  on  the  coast  of  Great  Britain,  could  be  easily  given;  but  in  one  or  two 
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I  the  ▼wthering  and  tihe  action  of  the  sea  havo  been  different.  All  these  yarietieaof 

e  leea  oocaaioiiaUy  as  characteristic  of  this  particular  kind  of  rock. 
Althofogjh,  then,  it  may  have  seemed  that  the  peculiarities  of  a  rock,  so  common  as 
ckj,  were  hardly  sufficiently  important  to  claim  a  lengthened  notice,  yet  it  may  be 

,  iaand  thai  even  in  this  apparently  unimportant  detaU  there  are  great  truths  in  nature, 
and  that  if  these  are  not  observed  by  the  artist,  his  picture  will  be  imperfect,  and 

,    unworthy  of  a  high  place  among  the  efforts  of  the  pencil. 

But,  indeed,  of  all  matters  that  are  important  in  a  landscape  pretending  to  high 
eiceOenoe,  none  are  really  more  so  than  those  that  hare  reference  to  the  subject  now 
bcfiore  ua— the  broken  foreground  of  earth.  The  contrasting  forms  of  distant  and 
lemaikaUe  scenery  are  easily  caught  and  preserved.  The  striking  tints  of  colour,  the 
bold  mafflTfn  of  light  and  shade,  the  character  of  the  scenery  generally,  (using  this 

'  eipfcaaion  in  its  widest  sense),  may  be  obtained  by  the  camera  luoida  or  the  dagueireo- 
type,  and  thus  all  the  more  decided  outlines  be  perfectly  true.    But  then  commences 

'    Uie  woik  of  the  true  artist;  and  it  is  only  he  who  canfirst  feel  and  appreciate,  and  then 

;  represent  Nature's  delicate  detail  of  minute  form  and  colour,  who  can  be  said  to  do 
justice  to  the  scenery,  and  originate  a  true  work  of  art.  And  here  it  is  that  know- 
ledge and  feeling  of  the  nature  of  day  and  earth,  and  the  pcculiaritiea  of  foim  they 
are  likdy  to  assume  when  acted  on  by  air  and  water,  come  into  fyi  play.    The  more 

:  these  details  are  attended  to,  the  more  near  perfection  will  the  picture  be.  "  The 
higher  the  mind,  it  may  be  taken  as  an  universal  rule,  the  less  it  will  scorn  that  which 
appears  to  be  sniall  and  unimportant,  and  the  rank  of  a  painter  may  always  be  deter- 
mhied  by  observing  how  ho  uses,  and  with  what  amount  of  respect  he  views,  the 
minutise  of  nature.    Oreatness  of  mind  is  not  indeed  shown  by  admitting  small  things, 

•  but  by  w^^g  small  things  great  under  its  influence.  He  who  can  take  no  interert  in 
what  is  small,  will  take  felse  interest  in  what  is  great ;  he  who  cannot  make  a  bank 
sublime,  runs  a  chance  of  making  a  mountain  ridiculous." 

GtystaUlne  and  Xgneoua  Rock.— Wo  have  now  to  consider  those  peculiarities 
of  aceasry  due  to  the  presence  of  rocks,  either  altered  from  their  original  mechanical 
ccnditiGn,  or  formed  directly  by  some  igneous  and  crystalline  action.  These  rocks  are 
not  unfirequently  the  central  lofty  peaks  of  great  mountain  chains,  but  they  occur  also 

.  in  subsidiary  ridges,  in  hills  of  moderate  elevation,  and  even  in  wide  plains.  They  are 
sometimes  altogether  barren,  and  occasionally  clotlied  with  the  most  luxuriant  vegeta- 
tion ;  in  one  place  they  astonish  by  their  savage  grandeur,  in  another  fetigue  by  their 
tame  monotony,  and  in  a  third  charm  by  their  beauty  and  softness.    They  include  two 

j    very  distinct  kinds  of  material  corresponding  to  difference  of  scenery. 

I  Volcaidc  Rocks,  lAwa,  and  Basalt.— In  various  parts  of  the  world  there  are, 
it  is  well  known,  certain  conical  mountains  vomiting  flame  and  smoke,  and  frequently 
belching  forth  showers  of  stones,  or  pouring  melted  rock  on  the  earth's  surface  or  beneath 
the  water.  These  are  called  volcanoes,  and  in  addition  to  those  now  in  activity  there 
are  numerous  others  occupying  whole  districts  where  similar  hiUs  and  rocks  exist,  not 

I  produced  and  not  known  to  have  erupted  within  the  historic  period.  The  annexed  view 
of  Cotopaxi,  in  the  Andes  of  Quito,  (p.  178),  will  remind  the  reader  of  the  regularity  of 

I    form  which  is  peculiar  to  mountains  having  this  origin.    It  is  described  by  Humboldt 

;   as  the  most  beautiful  and  regular  of  all  the  colossal  summits  of  the  Andes,  being  a  per- 

j  feet  cone,  covered  with  snow,  and  shining  with  dazzling  splendour  at  sun-set.  Ko 
rocks  project  through  its  icy  mantle,  except  near  the  edge  of  the  crater,  and  it  is  con- 

I   iidcred  that  the  ascent  to  the  siunmit  is  impossible,  owing  to  deep  ravines  surrounding 
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TZKW  07  TBE  VOLCAJfO  OP  0OT0PA2I. 


tfaaooBoonattddM.    The  Iwi^t  of  Uiii  taninit  u  nenlj  20,000  leet,  ud  It  Is  € 

mited  tiiftt  tibe  flefj  n 
Tiab'pnDJeoftod  fiom  It  )iaTe 
ItMii  ttffowii  into  the  ur 
iiMiij  3000  feet  akoTD  tito 
top  of  tiie  mountain. 

Withoutdwdling  on  ihtt 
nature  of  Toleaaaea  and  Uieir 
remttkable pbcmoaMBA,  its 
clear  that  auoh  Bcemerj  is  of 
a  totally  diffiamt  aatore  fiom 
any  of  those  yaiietaaahithaiD 
considered.  The  Poak  of 
TensrifBe,  the  fine  oone  of 
Mount  Egmont,  and  the  Iieb 
considerable,  but  betfco' 
known,  appearances  of  Ye^ 
suvius  and  Etna,  render  it  nn- 
aeoenary  to  say  moco  as  to 
the  general  oharaotar  of  v^- 
csnio  mountains. 

Mount  Egmont,  howevoE, 
is  an  example  of  what  is 
calkd  aa  extinct  Toloano,  (p.  170).  There  is  here,  as  in  the  active  volcano  of  Cotopaad, 
a  cone  of  cinders  and  burnt  rock ;  but  the  exterior  cone  is  of  hard  lavn,  and  there 
are  no  appearances  of  recent  disturbance,  al&ough  a  still  active  volcano  oonununkateB 
vdih  it  by  a  ridge  of  hills. 

One  result  of  the  pecnliar  origin  of  volcanic  mountains  is  that,  gcneoiHy  apeaking, 
they  show  an  exceedingly  smooth  shape,  and  want  that  torraoe-ahaped  fonn  whioh  jaost 
mountain  masses  exhibit.  If,  for  example,  this  volcano  of  New  Zealand,  oik  any  odier 
which  exhibits  strongly  the  characteristic  appearance  of  such  mountains,  is  oontrasted 
with  such  appearances  as  are  seen  in  the  Alps,  and  have  been  frequently  represented  in 
these  pages,  a  marked  difference  will  be  recognised,  and  the  smoothness  and  regniarity 
of  the  volcano  will  be  seen  to  contrast  well  with  the  grand  irregularity  and  picturesque 
roughness  of  the  other  kind* 

Another  point  may  bo  stated  hero  with  regard  to  these  volcanic  mountains. 
GeQwally  speaking  the  cone  consists  of  ashes,  forming  walls  wMch  hsne  been  often 
broken  by  torrents  of  lava,  and  sometimes  by  hot  water  pouring  down  the  mountain 
aide.  Volcanic  ashes  contain,  in  many  cases,  the  materials  which  in  course  of  time 
and  on  decomposition  become  excellent  vegetable  aoil.  Thus  the  sides  of  a  voloanic 
mountain  will  be  covered  with  vegetation  when  it  is  below  the  level  of  perpetual  snow, 
except  where  the  ashes  have  been  newly  poured  upon  the  surfMie.  Wherever  an 
irruption  of  ashes  or  a  torrent  of  lava  pours  over  the  side  of  the  mountain,  thore  the 
vegetation  would  be  destroyed,  and  there  will  be  absolute  barrenness ;  but  wherever 
these  ashes  or  the  lava  have  remained  for  a  long  time,  and  the  rocks  have  beoomc 
decomposed,  there  will  be  an  exceedingly  fertile  soiL  Such  wide  contzasts  of  extreme 
fertility  and  extreme  barrenness,  are  seen,  for  ezan^,  on  Mount  Etna,  whose  aides  are 
alternately  rugged  and  clothed  with  vegetation;  while  on  the  flanks  of  YeBttniu,  on 
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the  other  iLaad,  there  i%  in  most  parts,  little  relief  from  haniemiess,  owing  to  the  rapiditj 
with  which  the  eraptiona  have  suooeeded  each  other.  Whatever  has  grown  is  soon 
burnt  up  by  the  lava,  and  the  laya  has  not  remained  sufficiently  long  to  allow  of  its 
being  deoomposed^  anda  yegctable  soil  afterwards  formed.  These  contrasts  are  peculiar  to 


w  wooinr  aoioiiT,  ymuiaao  com*  ii>w  wuiAan, 


ydbanoes,  and  are  not  foimd  in  tooIdb  of  olher  kinds.    TImb  colours  of  volcanic  ^ 

e  also  peculiar.  GreneralLy  speaking,  the  materials  that  have  been  umiliid  inm 
n  of  a  ^aA  or  pale  brown  c6Ums,  «iMiitii>g  either  of  moltM  mA  or  ashes. 
In  either  ease  Ihe  odloar  is  ycnIiT  sbiII  qmkb  different  ficoas  ft»  cnbar  of  ardi- 
naiy  loeb.  The  ashes,  n^ssm  aesn  at  a  dirtanfia,  are,  gaiMn%  iipaiilim,  gray,  having 
received  that  tint  from  being  in  a  veiy  minute  atete  of  BiiMifvirion;  for  sill  matter  in 
mimtc  sobdivision  is  of  a  white  oolonr.  The  Tdcanic  vodk,  wImh  in  the  fom  of  fine 
ash,  thus  assumes  more  of  the  grayish  tint>  soad  this  is  pBrobaUj  lesl]^  ihe  Msnt  of  the 
colour  alluded  to.  The  only  places  in  Europe  where  voloasifleft are  in  a  etete  of  activity 
ore  the  south  of  Italy  and  some  of  the  Greek  islands.  There  are,  besides  these,  some 
islands  off  the  coast  of  Afn'na,  and  the  remarkable  volcanic  island  of  Iceland,  off  the 
murthem  coast. 

But  Europe  is  not  without  traces  of  volcanic  action,  in  many  other  and  widely 
distant  localities.  Thus  wo  £nd  crater-shaped  hollows  existing  in  plaoes  where  there  is 
no  known  volcanic  action.  In  the  neighbourhood  of  Cologne,  an  area  of  sixty  or 
sevenfy  miles  in  length,  and  almost  as  much  in  breadth,  eveiywhere  affords  good 
proofe  of  voloanio  aotioa  having  gone  on  to  a  very  great  extent.  Tbis  volcanic  action  is 
shown  in  vsnoua  ways.     The  Siebengebirge,  or  Seven  Hills,  of  which  the  Drachenfcis 
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18  the  most  striking,  have  been  admired  by  every  one  who  has  trayellcd  along  the 
Rhine ;  but  those  who  leave  the  river,  and  enter  the  country,  will  there  sec  much  more 
striking  appearances,  some  of  them  remarkably  characteristic  of  volcanic  action.  Some, 
indeed,  of  the  hills  near  the  Drachenfcls  are  perhaps  more  easily  seen  to  be  the  result 
of  volcanic  action  than  that  is ;  but  all  are  really  constructed  of  volcanic  materials.  They 
consist  either  of  lava,  in  one  shape  or  other,  or  of  volcanic  ashes.  In  some  cases  the  lava 
itself  is  seen  where  it  has  burst  through  the  sides  of  volcanic  hilb,  and  its  course  may 
then  be  traced  very  distinctly.  Some  of  the  cun-ents  arc  even  traceable  on  the  other 
side  of  the  Rhine ;  and  throughout  the  whole  of  this  district  there  is  a  remarkable 
continuity  of  structure,  and  one  which  evidently  pervades  the  whole  district,  marking 
with  characteristic  features  the  existence  of  these  volcanoes.  On  the  left  bank  of  the 
Rhine,  where  the  volcanoes  are  not  so  well  known  to  travellers,  although  equally  familiar 
to  the  geologist,  there  are  other  striking  evidences  of  volcanic  action,  consisting  even  of 
volcanic  cones,  from  whose  sides  lava  currents  have  been  poured  forth,  and  now  remain. 
Throughout  the  whole  district  the  soil  is  made  up  of  volcanic  ash,  and  there  is  no 
doubt  that  the  volcanic  products  formerly  covered  the  whole  surface. 


SXTIMCT  VOLCA.VO,   CATAKXCAV3CENE. 

Other  districts  are  equally  well  known,  though  not  perhaps  equally  familiar,  in 
which  extinct  volcanoes  are  traceable.  Thus,  in  the  middle  of  France,  in  the  Auvergnc 
district,  and  again  in  Catalonia,  similar  phenomena  are  traceable,  and  are  well  worthy 
the  attention  of  the  artist,  as  presenting  very  picturesque  features  of  a  kind  by  no  means 
so  familiar  as  those  of  most  of  the  scenes  selected  for  landscape.  Further  cast,  in  the 
now  deserted  countries  of  Asia  Minor,  the  appearances  are  even  more  striking,  and  wo 
there  find  large  tracts  of  country  burnt  up  and  destroyed  by  ancient  fires,  though  now 
no  volcanic  appearances  are  visible.   The  above  view  of  the  so-called  Catakccaumenc  (the 
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bamt  up  district),  is  strikmgly  iUnstratiye  of  this  state.  The  following  descriptiim  is 
an  admirable  sketch  of  the  class  of  scenery  it  refers  to,  from  the  pen  of  Mr.  Hamilton  :— 
"  Beginning  with  the  north,  on  ova  extreme  right  was  the  barren  termination  of  the 
ridge  on  which  we  stood,  to  the  west  of  which  a  black  and  dome-shaped  hill  of  sooriiD  and 
ashes  rose  about  five  hundred  feet  aboye  the  plaixL  This  was  the  Earedeylit,  or  Black 
Inkstand,  tho  yolcano  of  Eoula,  so  near  that  none  of  the  efiEects  of  its  wild  and  rugged 
character  were  lost,  and  so  steep,  that  to  ascend  its  slope  of  cinders  appeared  impossible. 
"In  front  of  us,  a  black  and  rugged  stream  of  laya  extended  from  right  to  left,  the 
surface  of  which,  broken  up  into  a  thousand  forms,  looked  like  the  breakers  of  a  sea 
conTerted  into  stone  amidst  the  friry  of  a  gale,  and  forming,  as  it  issued  frt)m  the  base 
of  the  cone,  a  striking  contrast  with  the  rich  plain  through  which  it  seemed  to  flow. 
Bejond,  to  the  north-west,  were  other  yolcanic  cones,  which,  frt)m  their  smooth  and 
cnltivatcd  appearance,  the  vineyards  reaching  to  their  summits,  must  have  belonged  to 
a  much  older  period.  Farther  to  the  left  was  the  town  of  Koula  itself,  with  its  tall 
and  graceful  minarets  rising  aboye  the  laya." 

It  would  appear,  frvm  historical  documents,  that  the  age  of  thirty  centuries  is  at 
least  due  to  the  more  recent  cones,  but  the  others  are  much  older. 

Other  proofs  of  yolcanic  agency  are  not  wanting ;  but  the  most  striking  and  pio- 
turcaque  are  those  in  which  the  lava,  once  poured  forth  in  a  fluid  state,  has  since,  in 
4!0Qlmg,  become  columnar. 

This  peculiar  and  semi-crystalline  appearance  is  well  seen  on  the  north  coast  of 
Ireland,  and  the  opposite  shores  of  Scotland  and  its  islands.    In  these  places,  the  mere 
mention  of  Gianf  s  Causeway  and  Fingal's  Caye,  will  at  once  call  to  the  reader's  mind 
the  peculiar  features  of  some  of  the  most  singular  scenery  in  our 
islands.    Tho  latter  especially  is  worthy  of  notice,  for  the  extent 
tQ  which,  the  basalt  liaa  been  acted  on  by  the  wayes,  owing,  no 
doubt,  to  irregular  hardness.    The  great  cayem  (see 
Cut)  is  described  as  consisting  of  a  laya-like  mass  at 
tlic  base,  with  two  ranges  of  basaltic  columns  resting 
oTi  it,  proscnting  to  the  eye  an  appearance  of  regularity 
almost  architectiira!,  and  supporting  an  irregular  ceil- 
ing of  rocks. 

Tho  extinct  volcanoes  of  the  Bhine,  Central  France, 
and  Catalonia,  arc  tho  principal  ones  in  Europe ;  but 
they  arc  not  the  only  ones.  There  are  other  parts  of  tho 
Continent,  which  tho  English  artist  does  not  so  fre- 
quently visit,  but  which  exhibit  this  peculiar  scenery 
exfoi*dingly  well,  and  sometimes  very  strongly.    As  an 
example,  may  bo  mentioned  some 
seenery  in  tho  north  of  Bohemia — 
scenery  that  is  partly  volcanic, 
but  that  exhibits  yolcanic  hills 
thrust  through  stratified  rocks, 
^^  ^^^  .._^  .       ,,.  and  not  merely  consisting  of 

I  ^Tu  r~^^^^       ^  ,7^5^P  AJIK-. '  r^foaSP       ashes    heaped    on    a   plain. 

Those  hills  are  therefore  dis- 
tinct featui^s,  and  they  inter- 
vene between  a  range  of  country  extending  along  the  south  of  Saxony  into  the  heart  of 
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Boit6BEkiB.  TIio  Biii'finiucling  sonmy  is  of  a  totsSy  different  nfttore^  and  thd  pheoo- 
menft  in  question  lurre  reference  to  the  well-known  hot  springs  of  TSpfitz,  which  tre 
also  the  result  of  ancient  yolcanic  action. 

In  TransylTBnift,  agam,  there  are  a  numher  of  volcanic  districts  of  this  land,  idl  of 
them  well  mazked,  in  which  the  yolcanio  passes  into  more  distinct  porphyritic  strne- 
tnre;  and  there  are  many  districts  where  it  is  difficult  to  trace  the  direct  rektion 
between  the  two.  In  these  and  other  cases  we  hare  volcanic  results  without  volcanoes, 
and  frequently  the  material  accumulated  1b  spread  in  large  tabular  flat  masses  over  a 
country  producing  that  pecuHar  character  of  rock,  called  (from  the  Swedish  word  ireppa, 
a  stair)  trap  rock.  Such  rock  is  widely  distributed  in  various  parts  of  Europe  and  Asia, 
but  most  especially  in  India.  A  large  district,  including  many  thousands  of  square  mfles, 
in  the  north  of  the  Indian  peninsula,  is  cntixely  covered  with  rock  of  this  kind,  wkidii 
is  nothing  more  than  lava  of  ancient  date.  In  these  cases  it  is  probable  the  lava  has 
been  erupted  below  the  sea,  and  there  has  been  a  great  body  of  water,  spreading  this 
iava  over  a  wide  area,  and  forcing  it  to  cool  xmder  a  great  pressure.  The  same  thing 
is  seen  in  central  France ;  large  bodies  of  lava  have  been  poured  out  on  the  surfiwe  of 
these  hills,  and  cooled  in  thin  plates.  This  is  the  general  character  of  basaltic  platfonns, 
and  the  transition  of  this  fbrm  of  basalt  to  true  granite  is  not  very  distinctly  made  out, 
nor  is  it  very  important  to  trace. 

Chmaite.— The  appearance  of  granite  is  now  to  be  considered.  Granitic  ro^  tat 
met  with,  generally  occupying  very  distinct  positions  with  regard  to  the  Smestones, 
sandstones,  and  clays,  which  have  been  already  described.  Granite  must  be  con- 
sidered as  a  central  rock,  forming  mountain  masses  in  the  strictest  sense  of  tbe 
word,  and  occupying  the  lowest  place  in  point  of  geological  position — ^the  other  rocb 
resting  upon  it.  There  are,  however,  two  forms  in  which  granite  is  presented  to  us. 
One  form  is  that  of  a  central  ridge,  round  which,  or  on  cither  side  of  which,  other  rocks 
make  their  appearance.  This  is  the  most  common  and  best  known  fonn.  The  other 
is  that  of  rounded  masses,  which  are  more  or  less  decomposed.  The  fba^  is  a  zenark- 
able  characteristic  in  almost  all  moxmtain  districts,  and  in  thorn  cases  the  gisnite 
is  presented  to  us  as  pyramids  or  wedges.  In  a  few  cases  Unn  isevidsBMaf^^ 
took  having  been  erupted  with  violence,  and  the  tezturo  and  nature  of  otheriasks 
associated  with  it  are  altered  to  correspond  in  some  measnre  with  its  stnotanu  ^^ 
the  granite  has  more  frequently  undergone  alteration  itself;  having,  pexhapa»  : 
cases  been  forced  up  slowly  at  a  high  temperature,  gradually  cooling  as  it  is  < 
In  cooling  it  has  contracted,  and  contracting  it  has  split;  so  that  it  is  generally  {ii- 
sented  to  us  with  a  great  number  of  angular  forms.  In  souk  oasaf  we  hava  •  o^i^ 
ridge,  and  on  the  sides  of  this  ridge  other  rocks,  often  great  vassae  of  slate. 

The  appearance  of  granite  itself  is  very  well  showsi  in.  some  inniiiiilliiM  abMdy 
given.  Thus  the  Aiguille  de  Dru  (page  144),  and  th»  view  of  tha  Kandid  9Mf  (S^ 
129),  represent  distinct  views  of  the  main  ridge  and  Ihe  eeatral  part  of  Moani  Btenc, 
and  shew  very  well  its  striking  angular  form.  This  mountna  is  very  ]oftf,  *d  » 
placed  in  such  a  latitude,  that  for  a  vary  oonsiderahlo  part  of  its  height  it  k  satizsly 
covered  with  snow,  which,  while  it  adds  to  the  pictuifesque  effect,  does  not  of  oonrw 
seriously  affect  the  peculiar  form.  The  detaila  of  the  form  are  seen  to  difSa  BCcorSng 
to  the  point  of  view ;  but  the  general  effect  is  not  much  altered. 

The  peculiar  characters  of  granite  scenery  are  indeed  worthy  of  notice,  as  being 
almost  always  found  to  prevail ;  so  that,  except  in  those  instances  in  which  granite  has 
become  greatly  decomposed  (and  it  sometimes  decomposes  very  rapidly),  the  scenery  i» 
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always  oluoMteruicd  by  theie  pgints.  In  tha  first  plaeo  the  outline  of  tiia  rook  i«  atolai 
and  ehaxp,  and  all  the  fianuaa  are  seen  with  a  dear  and  angular  eurfiMe.  The  more 
aooorataly  such  rooks  are  eTBinined,  the  more  the  ofenneH  of  oleaii  sharp  fiasores, 
ffrhihitmg  distinct  angles,  may  he  reoognised.  There  is  no  rounding,  exoept  where  the 
rooks  hare  heen  ezpoeed  to  fiiction. 

Where,  however,  the  gnmita  ia^  as  in  the  Scotch  moantaia%  greatly  afbeted  by  the 
actioB  of  the  atmosphere— where  the  ohangss  of  tempecatore  are  very  considerable  and 
n9ftd— a  certain  amount  of  rounding  must  neoetsarily  take  place,  although  the  general 
^MUtnrea  are  preserved  (see  annexed  view  of  Ben  Lomond).  One  result  of  this  pre»- 
aeryatian  of  the  usual  appearance  and  structure  of  the  rode,  is  that  aU  the  ahadows  are 
alao  yery  aharp. 

Gmnitea,  therefore,  in  almost  dl  caaes  where  they  are  preeented  in  large  maase9,and 
whore  they  hove  been  much  worn  and  weathered,  not  only  afford  a  distinct  and  dear 
oatUne  of  rook,  but  the  ahadows  thrown  are  also  distinct  and  dear,  and  this  is  a  point 
which  ahonld  always  be  attended  to  in  repreaenting  such  maaees,  as  in  a  general  way 
it  may  be  said  that  deeiaion  of  outline  is  the  great  ohazaoter  of  granite  scenery.  There 
is,  howerer,  pn^^i^  point  aa  to  thia  aeenery  in  the  distinct  eleyation  of  the  peaks. 
They  rise  boldly  with  great  altitudes,  and  con  only  be  seen  distinctly  in  two  ways. 
They  cannot  be  looked  upon  to  advantage  from  a  near  point  as  in  an  ordinary  landacape^ 
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and  the  observer  should  either  stand  near  the  rock  and  look  up  to  them,  as  is  the  case 
in  some  parts  of  the  Alps  (see  riew  of  «ie  Aignillo  de  Dru^  already  referred  to),  or  look 
at  them  from  a  very  great  distance.  The  diftsrenoe  is  eoosideraMe,  and  reqnkea  to 
be  attended  to.    Standing  near  and  looking  up  to  a  momitain,  it  is  hardly  possible  to 
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obtain  a  dear  and  ooirect  yieir  of  its  eaaential  featnree ;  the  eye  is  not  at  all  capable  oi 
i^rpreoiating  tbe  altitade,  became  there  is  nothing  svaikble  fisr  comparison.  B7  the  aid 
of  the  other  senses  one  may  obtain  some  i^redation  of  the  magnitude  of  a  moontain 
mass ;  as  irhen  watching  a  lofty  but  too  near  mountainside,  amass  of  snow  is  perceiyed 
falling  irluch  looks  like  a  snoirball  thrown  from  the  hand ;  but,  after  a  considerable 
internal,  the  sound  of  an  ayalanche  is  heard,  and  is  known  to  be  the  direct  result  of 
^diat  has  been  seen ;  the  ear  and  judgment  here  assisting  the  eye,  a  correct  impreasioii 
is  obtained;  but  this,  of  course,  cannot  be  represented  by  art.  For  this  reason  it  is,  that 
scarcely  any  attempts  that  haye  been  made  to  present  yeiy  lofty  mountain  scenery  in 
detail,  as  seen  from  yery  near  points,  haye  succeeded.-  Mountain  masses  are  thus 
usually  represented  from  a  distance,  and  they  are  best  so  represented,  for  it  is  only  then 
that  the  true  characteristics  of  the  mountain  are  appreciated.  In  standing  at  a  great 
distance,  and  looking  at  the  mountain  mass,  the  summits  will  be  dear  and  distinct ; 
the  higher  the  point,  the  clearer,  and  yet  the  fSunter,  it  will  be.  There  wiU  be  no 
indecision  in  the  outline  of  the  mountain ;  but,  on  the  contrary,  it  will  be  a  distinct 
and  sharp  line ;  and  indeed  it  is  not  possible  £»r  art  to  draw  a  line  more  sharply  than 
nature  represents  distances  in  this  way.  The  deamess  and  faintness  of  the  general 
outline  is  softened  by  the  peculiarity  of  the  shadows ;  and  the  effi)ct  is  ahnost  trans- 
psrent,  because  there  is  a  great  deal  of  mixed  light  thrown  in  the  shadows.  When  a 
shadow,  produced  by  a  considerable  mass  of  rock,  is  seen  from  a  yery  great  distance, 
so  much  light  is  mixed  with  the  shadow  that  it  cannot  possibly  be  scon  dark.  The 
shadow  will  be  as  fiednt  as  it  is  possible  for  a  shadow  to  be,  and  yet  will  be  perfectly 
distinct.* 

In  speaking  of  the  delineation  of  granite  mountains  there  arc  some  other  facts 
worthy  of  notice.  The  first  is  that  yariety  of  form  is  the  only  thing  that  can  enable 
the  critic  to  understand  the  nature  of  the  scenery  and  the  structure  of  the  rock ;  and 
another  point  to  be  referred  to  is  the  peculiar  gray  tint  on  such  mountains  when  seen 
towards  the  eyening.  There  is  an  effset  about  this  latter  phenomenon  that  no  words 
can  describe,  although  the  pencil  has  frequently  been  found  able  to  delineate  it.  There 
is,  indeed,  something  in  the  effect  of  direct  sunlight  on  these  mountains,  which  is  at 
once  striking  and  peculiar,  especially— perhaps  cxdusiyely — ^in  Alpine  scenery.  On  the 
western  side  of  Switscrlond,  looking  at  the  high  Alps,  the  forms  of  the  mountains  arc 
distinctly  to  be  seen,  and  no  doubt  is  suggested  as  to  whether  what  is  perceived  is  a 
mountain  or  a  cloud,  and  yet  the  mountain  and  the  cloud  haye,  in  such  cases,  as  nearly 
the  same  tint  of  colour  as  it  is  possible  to  imagine ;  they  are  both  nearly  pure  white, 
and  the  mountain  is  the  more  ghost-like  of  the  two.  It  is  an  oleyated  mass  earned 
away  from  the  earth,  but  connected  with  it. 

These  are  the  prindpal  points  connected  with  the  form  of  granite  as  it  is  repre- 
sented to  us  in  mountain  masses.  Granite  is  also  represented  to  us  occasionally  in 
rounded  masses  and  decomposed  rodcs,  and  is  sometimes  exceedingly  picturesque,  lliere 
are  not  many  instances  of  this  in  England ;  as  in  Dartmoor  and  other  Cornish  moon 
the  granite  is  little  adapted  for  such  representation  as  the  artist  requires.  StiU  there 
is  a  character  about  it  which  marks  it  as  belonging  to  this  kind  of  rock.  In  other 
parts  of  the  world  decomposed  granite  exhibits  other  characteristics,  sometimea  yery 
peculiar. 

The  dothing  of  granite  with  soil  and  yegetation  is  a  point  worthy  of  notice.   There 
are  two  kinds  of  coyering  of  granite :  occasionally  it  is  clothed  and  concealed  by  pic- 
•  See  BoSkin's  «« Modern  Ptinters." 
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taxwqoft  vood;  but  generally  gnmiie  rocks  are  not  favonxable  to  yegetstion,  tad  we 
baye  many  stiildng  peouliaritiea  arising  from  the  abaence  of  yegetation.  Such  rocks 
are,  in  fact,  much  more  likely  to  be  ooyered  with  snow  than  trees;  and  this  snow- 
coTering  is  lemaikable  in  the  mixture  of  lines  that  it  giyes ;  while  the  sweeping  Ibrm 
giyen  to  mow  by  winds  contrasts  with  the  sharp  and  distinct  shape  of  the  rocks. 

In  the  highest  and  most  ideal  consideration  of  this  part  of  the  subject,  we  must 
regard  the  granite  mountains  as  indicating  action^  being,  as  they  are,  the  rocky  frame- 
work or  skeleton  of  the  earth,  and  exhibiting  only  repoae  when  their  forms  are  obscurely 
ooyered  with  rocks  deriyed  from  them.  Mountains  aro  thus  expreaaiye  of  passion  and 
strength;  and  the  conyulsiye  throes  of  nature,  felt  in  the  earthquake  and  seen  in  the 
torrent  oi  liquid  firo  that  issues  from  the  yolcano,  aro  not  less  distinctly  recognised  in 
those  far  grander  results  which  haye  lifted  continents  aboye  tho  wayes  of  the  ocean, 
and  which  present  themselyes  in  the  yast  ridges  and  peaks  of  granite  seen  in  tho  Alps 
and  other  (Mbi  mountain  ranges  on  the  globe. 

Mountains  rising  simply  and  majestically  aboye  the  earth  are  thus,  as  it  were,  the 
bones  standing  out  from  their  fleshy  coyering.  Masses  of  rock,  of  which  a  portion  now 
lies  buried  thousands  of  feet  below  the  general  surface,  and  which  position  tho  rocks 
themselyes  once  occupied,  are  seen  springing  up  in  yast  wedges  and  pyramids,  flinging 
away  their  coyering  of  earth,  and  starting  in  fiery  peaks  aboye  the  clouds,  as  they  bear 
aloft  and  exhibit  to  man  the  highest  and  the  grandest  representations  of  the  majesty  and 
the  strength  of  nature. 

It  is  thus  a  grand  principle,  that  the  mountains  of  igneous  rook  rise  up  from  under  all 
and  are  the  support  of  all.  On  their  flanks,  the  lower  but  yet  considerable  and  oft»n 
mountain  masses  of  limestone  and  sandstone,  and  more  frequently  the  slates,  repose 
and  incline,  haying  been  themselyes  lifted  up,  and  therefore  forming  a  subordinate 
group.  The  life,  the  yigour,  the  energy  is  communicated  in  proportion  to  the  truth 
with  which  the  central  mass  is  delineated ;  and  if  this  truth  has  not  been  sufficiently 
studied,  and  tho  picture  has  not  the  impress  of  reality  upon  it,  nothing  can  redeem 
it  from  mediocrity.  Since,  then,  here  is  the  chief  life,  to  this  also  diould  the  attention  be 
mainly  directed ;  and  it  would  be  as  reasonable  to  expect  that  a  great  artist  should 
arise,  who  could  point  the  human  figure  and  human  flesh  without  a  human  being  to 
study  from,  as  that  any  one  could  truly  represent  a  landscape,  in  which  mountains  aro 
intioduoed,  without  haying  first  studied  in  nature's  life-school,  and  made  himself  familiar 
with  the  real  as  well  as  the  conyentional  forms  of  natural  objects.  Eyerything  is  sub- 
otdinate  to  the  fundamental  form  of  the  solid  earth ;  the  form,  whateyer  it  bo,  is  ultimately 
dependent  on  the  deyation  that  has  been  produced,  and  this  again  has  reference  to  the 
yioinity  and  magnitude  of  crystalline  rock.  The  study,  therefore,  of  crystalline  rock,  as 
exhibited  in  mountain  soenery,  cannot  fail  to  repay  tho  artist  amply  for  the  labour 
it  may  cost  him. 

0faT«l  anA  BonlAaia.—'Wo  haye  now  to  consider  the  case  of  rooks  trans- 
ported to  a  distance,  and  generally  worn  and  rolled  by  mechanical  attrition.  This 
last  portion  naturally  completes  the  whole  subject  to  which  attention  has  been  directed, 
and  it  inyolyes  certain  considerations,  with  regard  to  matters  of  detail,  not  yet  alluded 
to.  Whnteyer  rocks  may  be  composed  of,  they  are  sure  to  be  coyered,  after  a  time,  with 
debris,  or  fragments  of  their  own  substance  that  haye  been  disintegrated,  or  broken 
up  either  by  the  action  of  the  weather,  or  by  water  entering  into  the  interstices,  until  at 
Imt  there  is  a  coyering  of  yegetable  soiL  We  may  consider,  then,  that  rooks, 
whateyer  thoy  may  be,  proyided  they  haye  been  exposed  a  sufficient  time,  would 
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becotne  ooverod  up,  first  of  idl,  with  btokeiL  fb^noBti  of  tbeoMdves  nad  with  v«9»< 
tatioii;  but  it  is  alio  certain  that,  in  addition  to  this,  or  befitre  this  has  taksB  plios^ 
many  lodEs  haye  becoiaa  eo>T«red  with  fragments  removisd  from  a  distance.  Snah 
rocks,  of  small  sise,  acoumnlate  to  a  great  amount,  and  axe  frequently  teanspQcted  by 
-water  dtiier  by  ordinary  cuixsnts  or  by  floods*  In  tiiis  way  also  are  sometimes  canied 
away  larger  blocdcs,  which  an  afterwards  deposited  on  the  sea  coasts^  or  at  tha  sea  bottom. 
This  rolling  of  blocks  of  stone,  from  high  mountains  to  a  ooosiderable  dirtanoe,  naoest- 
sarily  produces  considerable  effect  on  the  edges  of  the  rocks,  and  sometimes  their  edges 
are  very  much  rounded;  but  this  of  course  depends  on  the  hardness  of  tha  rooks,  tmd 
the  faculty  with  whioh  it  splits.  Sometimes,  instead  of  being  roonded,  the  rock  will 
be  broken  and  jagged,  and  these  are  changes  afiected  by  peculiar  and  local  circum- 
stsncee.  The  diffiarent  blocks  aoeumulating  at  the  bottom  of  the  mnTiTifa^in  fonn  a 
sort  of  connecting  link  which  unites  the  plains  with  the  mountsans.  Suchalopee  are 
thus  gradual  ascents  from  the  plain  to  the  mountains,  produced  by  a  peculiar  form  of 
the  mountains  and  the  mode  of  its  deration,  but  consisting  of  materisl  deposited  after- 
wards. Hills,  or  low  elevations  of  material  deposited  in  the  plains,  do  not  arise  from  the 
plains,  and  always  show  this  ia  their  relation  with  the  scenery.  This  grand  Hi«f.iiw»^ffn 
diouid  be  bone  iu  mind,  not  only  by  the  artist  but  by  erery  person  who  intaresta 
himself  with  matters  connected  with  art.  It  is  important  to  remind  the  reader  once 
more,  that  there  ate  in  this  way  two  distinct  classes  of  rocks,  one  class  arising  from 
beneath  others,  and  forcing  them  up ;  the  other  class  deposited  on  other  rocks,  and 
being  mere  heaps  which  rest  upon  them,  and  that  these  produce  a  oonsiderable  differ- 
ence in  pictoreeque  effect  Mountains  tiiat  rise  from  plains  are  generally  jagged,  ahaip, 
and  angular;  they  exhibit  ihe  appearance  of  Uie;  whereas  those  hiUs  that  are 
mei«ly  formed  by  deposits  reetmg  on  the  surface  are  generally  heavy,  and  do  not  add 
BO  much  to  the  picturesque  effeet.  The  use  of  these  hills  may  be  considered  to  be  rather 
with  reference  to  the  clothing  of  vegetation ;  the  mountains  are  often  most  pioturcsque 
when  they  arise  without  any  vegetation  at  all ;  but  the  hills  are  picturesque  when 
they  are  covered  with  trees.  We  have  then  the  sc^iery  connected  with  boulders  and 
gravel,  connected  with  the  hill  scenery,  because  the  hiUs  are  generally  thua  compoeed, 
and  the  characteristic  of  this  scenery  will  be  softness  of  outline.  Thia  almost  neoessarfly 
belongs  to  the  way  in  which  the  rooks  have  been  Anrmed. 

GluuMUiteilsllcs  of  Bills.— If,  then,  an  outline  is  hard,  it  must  be  so  for  some 
good  reasons.  There  must  be  large  masses  of  rock,  or  mountain  masses  arising  out  of 
tiie  surface.  But  these  mountain  masses  do  not  depend  on  their  height.  They  are 
seen  as  well  when  at  a  moderate  as  at  an  extreme  height;  there  being,  however,  an 
apparent  exception  in  the  case  of  volcanoes,  which  sometimes  rise  from  beneath  the  sur- 
face of  the  earth,  and  are  not  entirely  formed  of  ashes  poured  upon  the  surface.  A 
few  examples  will  show  this.  A  mountain  chain  exists  in  Wales;  there  ase  hills  in 
Switzerland  higher  than  the  highest  mountaina  in  Wales,  but  they  are  not  thexefoie 
mountains,  nor  are  those  in  Wales  hills.  In  the  strict  sense  of  the  words,  hills,  con* 
sisting  of  isolated  groups  of  boulden  and  gravel,  belong  to  the  subject  of  foreground; 
and  the  grand  distinction  between  foreground  and  background,  in  principle,  is  that  of 
hill  and  mountain.  Hills,  then,  bekmg  strictly  to  foreground,  provided  that  the  object 
of  the  pictm^  has  refsrenee  to  Iho  general  strootore,  and  not  to  any  particular  detaila. 
It  will  neeessarily  be  the  case  that,  where  the  object  of  the  picture  is  to  present  details, 
the  foreground  may  be  any  part  of  the  hill,  country,  or  plains ;  but,  where  the  picture 
is  intended  to  be  comprehensive^  and  represent  nature  on  a  large  scale,  a  background  is 
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nqpSnd  cooneotiBd  in&i  momxtaiiions  and  not  }aOj  features.  The  l)flckgroimd  deter- 
nxmet  the  dancter  of  the  pictarc,  which  the  foreground  modifies.  In  the  latter  case 
there  is  no  eharpncas  of  edge,  although  by  the  mode  of  wearing  there  is  proof  of  ccm- 
ndef^Ue  hardness.  There  is,  however,  great  difference  between  this  want  of  sharp- 
ness on  the  edge  of  the  rocks,  and  want  of  hardness  in  substance,  and  this  effect  is 
pTodoeed  by  an  artist  when  he  understands  what  he  is  about,  but  is  liable  to  be  lost  if 
some  attention  is  not  paid  to  the  rock  and  its  structure.  With  regard  to  transported 
rodcs,  local  circmnstanccs  will  yery  often  explain  the  peculiarity  of  their  appearance. 
The  Logan  stone  in  Cornwall,  and  the  Gray  wethers  on  Salisbury  Common,  are  very 
good  examples  of  'diis  peculiar  stracture,  and  of  the  effect  of  rocks  whidli  haye  been 
removed  to  a  distance,  and  which  thus  contrast  yery  much  with  the  general  struc- 
tme  of  the  oonntry  in  the  neighbourhood. 

Westheting  of  Kocks.— In  consequence  of  the  distance  to  which  the  rocks 
hsve  been  removed,  and  the  difference  of  stracture  that  they  exhibit  when  placed  in 
fiieir  new  position,  we  very  often  have  contrasts  of  colour,  and  in  tiie  nature  of  vege- 
tation. Thus,  if  B  block,  or  group  of  blocks  of  granite,  is  removed  from  a  distance 
into  a  soil  capable  of  groving  plants,  or  if  sandstone  rocks  are  removed  to  a  distance 
into  a  chalk  or  day  district,  there  is  not  only  a  considerable  contrast,  bat,  if  such 
rodcs  be  capable  of  dismtegration,  and  of  mixing  with  the  soil,  they  produce  a  rich 
harvest  of  plants ;  but  if  this  be  not  the  case,  either  the  transported  or  local  rock  may 
be  covered  by  vegetation,  while  the  other  is  barren.  This  is  especially  manifest  in  -flie 
esse  of  the  gray  wethers  in  Salisbury  Plain,  already  mentioned;  for  hero  the  plains 
tiiemsdves  aro  formed,  for  tho  most  part,  of  chalk,  and  are  covered  with  vegetation ; 
but  opon  them  are  strewed  hard  masses  of  sand  which  do  not  disintegrate,  and  there- 
fore do  not  allow  of  a  growth  of  plants  upon  them.  The  result  is  the  strongest  con- 
trast in  colour  and  general  appearance.  The  rocks  arc  very  much  weathered,  but  still 
they  do  not  harmonise  entirely  with  the  surrounding  scenery ;  they  form  a  contrast, 
B&d  add  in  this  way  to  the  picturesque  effect.  Something  of  the  same  kind  is  seen  at 
the  back  of  the  Isle  of  "Wight,  where,  in  consequence  of  the  irregular  action  of  the  sea 
and  fhe  mixed  structure  of  the  clif&,  there  is  a  considerable  amount  of  wearing,  and  the 
rocks  are  constantly  renewed. 

There  is  oft«n  a  good  deal  of  interest  in  observing  the  condition  of  rocks  in  water, 
and  the  way  in  which  rocks,  removed  by  water,  make  their  appearances.  Such  rocks 
are  generally  rounded  and  affected  by  the  action  of  tho  water  in  a  different  way  from 
those  which  arc  constantly  rolled  on  one  another ;  for,  in  the  latter  case,  their  fbrm  is 
monj  completely  rounded  than  when  they  are  brought  to  a  stand-still  at  any  particular 
point,  and  water  is  rushing  past  them.  There  are  many  instances  in  Wales  where 
rocks  have  been  brought  down  by  water,  until  at  last  the  mountain  torrent  widens  out, 
Vid,  when  checked  in  ite  progress,  deposits  a  very  considerable  part  of  ite  load.  Rocks 
are  thus  accumulated  in  particular  places,  and  when  once  there  are  seldom  removed, 
particularly  the  larger  ones,  because  it  seldom  happens  that  the  current  comes  with 
snflldent  force  to  set  them  in  motion.  The  bed  of  a  torrent  may  thus  be  choked  up 
vith  large  blocks,  which  then  become  acted  on  by  water  in  a  different  way  from 
hefore. 

OityiieM,— There  are  some  interesting  effecte  of  light,  with  regard  to  fbre- 
groonds,  which  it  is  worth  while  next  to  notice.  Amongst  them  is  the  want  of 
iSWynesa.  Generally  speaking,  the  further  an  object  is  from  an  observer,  the  more 
gny  thelig^t  and  tints  will  necessarily  appear,  because  the  effect  of  grayness  is  pro- 


Digitized  by  LjOOQIC 


188  IMPORTANCE  OF  TRUTH  IN  WORKS  OF  GENIUS. 

dneed  by  the  passage  of  lig^t  through  a  large  quantity  of  air.  The  result  is,  that 
although  the  colour  of  an  object  may  be  quite  as  vivid  or  more  vivid  in  the  distance  it 
will  have  a  different  tone  of  colour  from  a  portion  of  the  same  object  in  the  vicinity. 
The  gray  may  be  as  bright  at  a  distance  as  when  near,  but  that  part  of  the  object 
which  is  near  will  be  much  less  gray  than  at  a  distance.  This  is  necessarily  the  result 
of  the  laws  that  govern  light,  and  may  be  noticed  by  any  one  with  respect  to  natural 
objects.  The  grayncss  of  effect  is  a  point  frequenUy  attended  to  by  artists  without 
their  knowing  the  reason;  but  it  is  a  point  that  is  much  better  acted  upon,  if  it  be  under- 
stood, than  if  merely  performed  by  rule,  without  being  thought  o£ 

Vegetation.— 'When  we  consider  the  effects  produced  by  doee  observance  of 
Nature  in  this  way,  we  shall  often  find  many  curious  results  of  vegetation  which  at 
first  might  not  present  themselves.  There  is,  for  example,  a  very  distinct  reference  to 
the  structure  of  rocks  in  the  kind  of  vegetation  natural  to  them.  Thus  certain  kinds 
of  trees,  in  our  own  country,  generally  grow  best  on  particular  kinds  of  soiL  At  first 
this  might  seem  to  bo  an  observation  merely  interesting  for  the  agriculturist,  but  it 
ought  not  to  be  neglected  by  the  artist.  If  an  artist  wished  to  represent  a  scene,  in 
which  a  great  amount  of  sand  and  sandstone  prevailed,  and  desired  to  exhibit  this  in 
the  most  perfect  manner,  but  were  to  place  on  each  rook  groups  of  trees  which  gene- 
rally are  confined  to  a  different  soil,  he  would  produce  a  mixture  of  structure  and 
vegetation  which,  although  it  might  not  strike  the  observer  at  first,  would  yet  ulti- 
mately be  foimd  to  injure  the  picture,  and  interfero  with  its  general  effect  in  a  manner 
which  would  entirely  prevent  its  ranking  in  the  first  class.  This  is  a  point  well  worthy 
of  notice,  although  rarely  acted  upon  by  artists,  and  certainly  not  recognised  by  any  of 
the  old  masters.  Generally  speaking,  thero  is  in  Naturo  a  harmony  between  thekhids 
of  rock  and  the  kind  of  trees  that  grow  upon  them ;  this  is  the  case  in  all  countries 
and  in  all  climates.  In  England  we  find  the  oak  and  such  Uke  trees  chiefly  growing 
on  clayey  tenacious  soils,  and  not  on  loose  sand ;  and  thus  a  landscape,  with  a  group 
of  fine  oaks,  in  which  the  style  of  rock  and  its  colouring  should  give  the  idea  of 
loose  sand,  would  be  untrue  and  unnatural.  So  again,  if  we  wish  to  represent  firs 
and  heath,  it  would  be  just  as  improper  to  represent  the  soil  and  rock  as  a  day ;  since, 
in  fact,  these  are  trees  which  grow  best  on  sand,  and  when  growing  on  rocks  of  another 
kind  they  would  probably  be  stunted  and  unhealthy,  and  therefore  should  not  be  repre- 
sented at  alL  The  important  point,  however,  to  be  observed  is,  that  if  such  trees  are 
introduced  they  should  be  so  with  strict  reference  to  the  structure  of  the  country. 

Coneluaion. — Before  altogether  quitting  this  part  of  our  subject — in  which  an 
endeavour  has  been  made  to  bring  forward,  as  an  application  of  natural  science,  the 
consideration  of  many  subjects  not  hitherto  thought  very  important  in  the  education  of 
an  artist,  or  at  least  not  directly  bearing  on  the  practice  of  his  art— it  may  be  well  to 
add  a  few  words  concerning  the  fear  that  some  (both  artists  and  critics)  may  entertain, 
lest  the  familiarity  engendered  by  accurate  knowledge  of  nature  may  chiU  and  ohock 
the  powers  of  the  imagination,  and  deprive  the  artist  of  his  chief  inspiration,  by  removing 
the  warm  and  deep  impressions  of  the  heart,  and  replacing  them  only  by  the  feeble 
though  more  distinct  outline  appreciated  by  the  intellect.  We  are  often  told  that  much 
of  the  beauty  of  great  works  of  art,  in  every  department,  arises  from  the  dim  obscurity 
which  magidfies  real  objects,  and  gives  existence  to  shadowy  and  unreal  forms.  Such 
a  view  is  honestly  believed,  as  well  as  thoughtlessly  said;  and  men  of  genius,  whose 
influence  is  deservedly  great,  have  advocated  it ;  it  is  therefore  more  than  probable  that 
some  of  the  readers  of  this  article  may  think,  or  may  be  hereafter  told,  that  ignorance 
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of  natural  things  is  the  chief  source  of  our  admiration  and  feeling  of  the  guhlime.    To 
this,  howerer,  it  may  be  replied,  that  the  true  feeling  of  that  which  is  great  is  but  a 
reflection  of  the  feeling  of  infinity  which  every  study  of  Nature  encourages  and  renders 
I    more  powerful. 

!  We  may,  howerer,  safely  and  wisely  appeal  to  other  forms  in  which  genius  has 

I     shown  itself;  to  the  poet  whose  name  is  handed  down  from  generation  to  generation 
with  increasing  love  and  admiration  and  worship,  or  to  the  great  masters  of  music,  who 
in  a  language  that  may  be  called  uniyeiBal  hayo  immortalised  sounds  which  have  a 
I    deep  response  in  erery  human  breast.    Works  of  genius  of  all  kinds  are  indeed,  and 
I    always  have  been,  and  will  be,  admired  and  loved  in  proportion  as  they  are  clearly  felt 
•    to  be  true  in  reference  to  human  thought  and  human  experience.    It  is  not  less  exalting 
I    to  the  imagination  that  we  now  look,  in  the  truth  of  astronomical  science,  to  distant  and 
unnimibered  worlds — known  only  by  the  telescope-— communicating  to  us  no  light  and 
no  heat — connected  by  no  tie  but  that  great  law  which  pervades  aU  matter— it  is  no  less 
'    affecting  to  the  imagination  that  we  can  measure  the  vast  orb  of  the  sun,  and  teU  the 
history  of  distant  worlds  belonging  to  our  system,  but  whose  very  existence  the  dry 
,    pursuit  of  mathematical  science  first  teaches  us—thon  it  was  when  in  the  days  of 
ignorance  men  in  their  fancy  and  imagination  saw  the  planets  and  the  stars  nailed  to 
their  celestial  vault,  and  when  the  ideas  of  men  on  such  subjects  were  limited  by  tho 
narrow  boundaries  of  their  actual  knowledge,  and  shut  in  by  the  absence  of  truth. 
Surely  if  astronomy  has  gained,  as  a  noble  and  elevating  pursuit,  by  the  discovery  of 
truth,  even  in  spite  of  authority,  tho  appreciation  of  other  sciences  will  not  be  less 
benefited  by  being  taken  out  of  the  way  of  error,  and  by  the  wide  distribution  of  sound 
knowledge,  which  at  once  feeds  and  chastens  the  imagination,  and  conducts  it  in  the  light 
direction.    There  cannot  be  a  question  that  the  most  solemn  and  imposing  ideas  are  those 
which  are  founded  on  knowledge  and  not  on  ignorance— on  truth  and  not  on  fidsehood. 
No  doubt  it  is  the  case  that  a  mere  study  of  detail  may  tame  and  injure  the  ima- 
'    gination  in  whatever  department  this  study  may  direct  itself.    But  in  the  information 
here  given  it  has  been  the  object  to  connect  a  knowledge  of  fiicts  with  tho  great  general 
laws  of  nature  to  which  they  were  related.    The  search  after  this  higher  order  of  truth 
is  the  real  antidote  to  the  danger  incurred  by  the  mere  minute  observer  of  facts. 
As  wc  advance  in  knowledge,  wo  thus  rise,  as  it  were,  to  greater  elevations,  and  obtain 
not  only  a  more  distant  view,  owing  to  our  better  position,  but  a  clearer  and  more 
transparent  medium  in  which  to  observe  these  distant  objects.    Toiling  step  by  step  as 
wc  advance  onwards— mechanical  and  fatiguing  as  our  progress  may  be,  and  often  must 
be — still  in  this  search  after  lofty,  general  and  distant  truth,  wo  strengthen  tho  intel- 
lectual powers,  augmenting  not  only  the  number  of  our  ideas,  but  the  means  of 
generalising  and  rendering  more  truly  available  those  already  possessed. 

There  is,  however,  another,  and  hardly  a  less  important  or  interesting  view,  that  may 
be  taken  of  this  great  subject.  The  minute  study  of  Nature,  combined  with  a  know* 
ledge  of  general  laws,  involves  an  actual  contact  with  Naturo  horseif,  in  her  freedom, 
simplicity,  and  grandeur,  and  induces  impressions  derived  ttpm  tho  idea  of  order 
and  law,  exercising  a  soothing  and  calming  influence  on  the  mind,  and  well  fitting  it 
;  for  those  noble  exertions  which  we  regard  as  inspiration,  because  we  feel  that  they 
;    exhibit  creative  energy. 

« It  may  indeed  seem  a  rash  attempt  to  endeavour  to  analyse  into  its  elements  the 
j  enchantment  which  the  great  scenes  of  Nature  thus  exert  over  our  minds,  ibr  this  effect 
I    depends  especially  on  the  combination  and  unity  of  the  various  emotions  and  ideas 
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6xeitod;  but  if  we  would  Isaoe  tlik  poirar  to  its  aonroe,  we  must  take  a  oMrand  dis- 
oriminating  tIbw  of  iadiyidnal  Sqodb  and  yazioiuly  aotisg  farowi.  Tha  a^icct  of 
eactenud  aature,  whm  thuB  contemplated  tboughtfully,  ia  that  of  unity -iadlTeznty, 
and  of  connection,  resemblance  and  order  among  all  created  things,  howerer  diaflimilar 
in  fbnn." 

It  is  this  unity  in  diyeraity,  however,  which  qanders  the  minute  study  of  Nature  ao 
esaentiaL  to  him  who  would  produce  such  a  represcntatiini  of  Nature  as  shall  itself  be 
suggestiTc,  and  be  worthy  of  the  name  of  art.  And  here  again  it  is  erident  that  truth 
in  representation  is  a  sacred  duty  end  an  inevitahle  necessity  to  the  artist  who  deli- 
noates  natural  objects  of  whateyer  hind.  To  be  true  to  himself— to  be  otlner  than 
essentially  £ilae,  he  must  be  a  student  and  an  imitator  of  Nature.  In  the  sublime 
idealizations  of  BafBsiellc,  it  is  weU  known  that  he  has  falsified  the  position  of  no  one 
anatomical  detail  in  the  human  countenance.  In  the  drawings  of  Michael  Angelo  it  is 
nowhere  found  that  a  musele  is  added  to  or  taken  from  the  &ir  symmetry  of  the  human 
firame.  Does  Ba&elle,  in  expressing  celestial  sweetness  and  softness^  diminish  the 
angularity  of  the  male  form,  or,  to  give  energy  to  a  female  face,  represent  an  outline  which 
is  not  truly  characteristic  of  the  sex  ?  And  ought  the  landsoi^e-artist  to  ventuzc  to  alter 
the  cQloux^-4he  form  or  the  drapery  which  Nature  has  herself  selected  to  appear  in  to 
human  eyes.  Can  ho  with  impunity  modify  and  soften  where  she  is  rugged  and  stem — 
or  will  he,  in  order  to  give  a  false  and  paltry  impression,  produce  an  angle  where  she 
has  left  a  curve?  It  is  true  that  numy  have  done  all  this,  and  have  even  passed  unde- 
tected by  the  critic ;  tliey  have  sucoeeded  for  a  time  in  attracting  the  eye  and  charming 
the  senses.  The  clever  artist  may  obtain  credit  for  Ixddness,  and  may  think  it  agrcat 
lidng  to  have  oiiginated  a  peculiarity  ;  but  all  this  is  done  in  the  absolute  ccxtainty  of 
being  one  day  exposed  and  slighted,  and  one  inevitable  result  will  fi>lloW|-^the  verdict  of 
posterity,  and  the  general  voioe  of  reason,  taste,  and  common  sense  will  be  given,  and  the 
pkstuies  and  artist  will  be  alike  neglected.  Mensoonleam  that  truth  is  better  than  islae- 
hood;  and  permanent  admiration  never  has  been,  and  never  will  be,  based  upon  a  lie. 

What  then,  it  may  be  asked,  is  this  truth  that  is  so  much  vaunted  ?  Is  it  a  mere 
mechanical  reprint  of  nature— is  it  a  daguerreotype  of  some  particular  scene — does  it 
dxi&r  from  a  copy,  and  does  it  demand  no  effort  of  the  imagination  ?  By  no  means  is 
this  the  case.  Hie  imitation  of  nature  that  ought  to  bo  inculoiated,  is  one  of  a  Idnd  that 
no  mechanical  effort  can  approach ;  for  the  genius  of  nuut— that  spark  of  the  divine 
nature— is  needed  for  its  perfect  exercise. 

It  is  necessary  to  study  minutely  all  that  is  true  and  real,  to  imitate  closely  all  that 
is  lovely  and  grand,  to  know  what  harmony  consists  in,  and  how  beauty  and  grandcur 
are  produced.  The  senses  only  partially  comprehend,  and  the  uneducated  intellect  only 
half  reflects  on  all  that  is  influential  in  producing  those  impressions  of  the  beautiful, 
which  are  really  worthy  of  being  transmitted  to  the  canvas.  A  landscape,  however 
truly  picturesque,  must  be  properly  seen  before  it  is  appreciated.  Nature  is  not  seen 
only  by  the  eye ;  she  is  not  appreciated  by  the  mere  passing  traveller,  intent  on  matters 
of  another  kind— observation,  taste,  feeling,  intelleot  and  genius,  all  lend  their  colouring, 
and  all  help  to  render  nature  beautiful.  The  true  artist  is  himself  always  true — ^trae 
to  art  and  true  to  nature— both  external  and  internal ;  he  is  earnest,  thoughtful,  and 
reflective— for  if  he  study  nature  he  cannot  be  otherwise ;  he  imitates,  for  he  describee; 
but  he  throws  a  rich  and  warm  glow  over  his  description,  and  gives  vitality  and  exist- 
enoe  even  to  that  which  is  itself  inanimate  and  accidental — ^for  the  sparkling  light  of 
his  genius  shines  over  all,  and  whatever  he  touches  bums  with  living  fire. 
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fafatiwi,  than,  qf  Jhii  kind  i«  not  t  mate  mwiliaBiwJ  art—ind  a  yrtiaf^'to  daamwe 
the  Mma^  ttiut  be  nomrthmg  mose  tlian  a  pesniUMiUt  z«fleetiQik.  It  imiflt  tasppeu 
tbmgbtyaodjfoeliag,  ndknowMge^  and  to  be  tueM  it  VHiit  ieaeh  oliiBEB  alao  te  feel 
aad  to  kiunr.  It  is  no  detraetion  from  the  neiit  due  to  a  woak  of  art  to  ny  that  it 
exoitei  peoper  deling  and  teaafaaB  naef ol  koowledge.  On  the  other  hand,  ^itKo  ia  no 
evil  ao  gnat  and  so  much  to  be  lamented  aa  that  which,  is  aanetifled,  aa  it  were,  by 
havag  the  halo  of  genina  spread  azoiand  it;  nor  is  there  any  igaacanee  ao  aiaehiennia 
as  that  whioh  induees  the  greatest  and  the  moat  pc^ulor  teaohera  to  teadh  falaely  and 
neglect  truth  as  a  thing  of  small  import 

I  AOBICUiiTUIlAL  GffiOLOGT, 

Vatwra  and  Ozi^^  of  Soila.— JEhiough  has  been  already  said  on  this  subject  to 
j  give  the  reader  an  idea  of  the  real  state  of  the  case,  since  all  soils  may  be  resided  as 
fanned  originally  £ram  the  disintegration  or  docompoaition.  of  rocks.  The  former 
is  a  mechanical  cause,  connected  with  the  atmosphere,  and  reanlting  from  the  alter- 
nations of  dryness  and  moisture,  and  of  heat  and  cold  incessantly  going  on.  The 
growth  and  decay  of  vegetation  is  another  important  agent,  telling  in  the  same  dircc- 
tion,  as  jui  soil  is  availahle  for  useful  plants,  and  those  requiring  cultiTation,  without 
wmething  more  than  the  ordinary  constituents  of  rocks. 

Climate,  again,  exercises  a  maiked  influences-first  tending  to  break  up  all  hard  sub- 
itanooB  exposed  to  its  action ;  while  the  torrents  that  fall  from  the  clouds,  and  afterwards 
nah  orer  the  earth's  auifaee,  in  tropical  countries,  are  scarcely  less  iofiuential  in 
griadiBg  down  to  powder  and  removing  auifaee  accumulations  of  any  kind.  In  tem- 
perate ooontanea  like  our  own ,  the  frequent  altemations  of  the  temperatore  within  a  few 
degrees  above  and  below  the  point  at  which  water  possesses  the  smallest  volimiei 
(about  38"  Fahr.),  is  another  fruitful  cause  of  destruction,  by  the  aUetnate  ezpanaion 
sod  ooatraction  of  water  in  the  crevices  of  surface  deposits,  and  the  consequent 
ipUttiBg  up  and  breaking  off  the  outer  weathered  coat  of  rock. 

Deeompoaitiooi  is  produced  in  rocks  partly  by  ozidatbn  or  exposore^  and  partly  by 
the  infiltration  of  water  containing  acid  or  aUcaline  substanoes  in  solution.  Both  causes 
greatly  anist  the  disintegration  already  alluded  to ;  but  rocks  are  vecy  diflEerently 
aflboted,— 4he  weathering  sometimes  extending  downwards  twenty  or  thirty  ieet,  or 
toon,  heoeatli  the  surfkee,  and  sometimes  hardly  visible.  In  all  cases,  however,  where 
tihiaUe  aoil  ia  ibund,  there  is  a  considerable  admixture  of  the  suifaee  rode  with 
matfrinl  conveyed  fsoBi  a  distance,  and  with  hutmu  and  ftwuldy  the  bnowiL  penneable 
sabstiBoeB  produced  by  the  decay  of  woody  fibre,  which  not  only  yield  dried  nourish- 
OMBt,  but  act  indirectly,  iu  a  very  important  way,  to  reader  soils  nuoe  generally  useful 
than  they  would  otherwiae  bo. 

Baodes  the  soil,  tlie  subsoil  exercises  considerable  influence  on  the  vegetation  of  a 
district,  and  ia  often  yet  more  nearly  derived  firom  the  underlying  rock.  By  mixing 
tiiete  two  mineral  Bubstanees  together,  the  value  of  the  fonner  is  often  greatly  imoeased; 
ad  by  taking  advantage  of  the  condition  and  nature  of  the  latter,  the  mechanical 
opentigQ  of  draining  ii  often  greatly  simplified. 

It  will  be  evident  that,  in  a  general  way,  a  chemical  investigation  of  any  soil  will 
be  moco  valuable  than  any  mere  account  of  its  geological  position.  WhUe,  however, 
ia  an  unknown  district,  the  age  of  a  rock  affords  no  valuable  information  for  praotioal 
pmpoaes,  this  ia  not  ihe  caae  where  mineral  substances  of  the  same  kind  are  usually 
loat  with  in  geological  relation  to  each  other.    Thus,  in  "Rngland,  tlie  super-positiQn  of 
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rooks,  and  their  genend  succession,  being  weU  known,  the  presence  of  a  peitieiilttr  kind 
of  sandstone  renders  it  probable  that  rich  marls  are  near,  while  another  kind  of  sand- 
stone,—little  different,  it  may  be,  in  some  respects,— is  yet  indicatiye  of  nny^wnftn  salts ; 
and  another  is  likely  to  be  associated  only  with  tough  elays  and  coal,  ^ese  various 
associations,  on  which  this  subsoil  mainly  depends,  seriously  affect  the  value  of  land, 
and  thus  it  becomes  not  ozdy  desirable  but  necessaiy  that  the  fistrmer — ^to  say  nothing 
of  the  land-agent  and  valuei^-^should  know  something  of  what  is  likely  to  exist  beneath 
the  sur&oe,  and  be  able  to  judge  of  the  subsoil  and  rock  by  the  appearance  and  known 
geological  position  of  what  comes  to  tho  surffice. 

So  again,  whilst  a  knowledge  of  the  mineral  character  of  a  rock,  and  its  value  for 
special  puiposes,  requires  that  the  chemist  and  tho  mineralogist  should  be  refened  to, 
there  wiU  arise  questions  of  great  practical  importance,  as  to  whether  any  quantity  of 
such  mineral  as  rock  exists  near  at  hand,  and  can  be  readily  and  cheaply  obtained.  In 
the  case  of  limestone,  these  matters  are  of  vital  importance,  and  they  involve  considentr 
tions  strictly  geological.  In  an  oolitic  district,  one  piece  of  stone  might  lead  to  the 
knowledge  of  a  bed  being  near ;  whereas  in  gravel  the  presence  of  the  mineral  would  bo 
merely  accidentaL  In  a  district  in  which  the  rocks  are  not  generally  highly  inclined,  or 
much  broken  and  fractured,  it  might  be  at  once  determined  that  a  bed  of  limestone  found 
was  probably  workable ;  whereas,  under  other  circumstances,  perfectly  understood  and 
not  uncommon,  it  might,  on  the  contrary,  be  highly  improbable  that  such  abed,  though 
found,  could  be  worked  to  permanent  advantage.  Instances  of  this  kind  might  be 
multiplied  indefmitely,  but  it  is  unnecessary  to  do  so.  The  ordinary  and  well-known 
conditions  and  varieties  of  stratified  and  unsiratified  rocks  are  sufficiently  understood,  and 
in  the  preceding  pages  have  been  sufficiently  developed  to  enable  the  reader  to  compre- 
hend the  general  principles, — ^the  application  of  which  to  practice  is  so  valuable  to  the 
farmer  and  land-agent. 

In  addition  to  the  mixing  of  soils,  and  the  advantage,  under  certain  circumstances,  of 
deep  ploug^iing  for  thia  purpose,  there  are  many  points,  in  the  practical  treatment  of  land, 
which  admit  of  tho  application  of  geological  knowledge.  Thus,  where  drainage  is 
required,  it  can  hardly  be  planned  with  propriety  without  some  reference  to  the  under- 
lying material,  and  the  position  in  which  it  exists.  The  drainage  of  fen  lands,  and 
landi  near  the  sea,  with  little  fall,  but  enough  to  produce  a  current  of  water  when  there 
is  no  obstacle,  include  one  group  of  cases  that  require  consideration.  The  drainage  of 
uplands,  where  there  is  some  fall,  but  where  local  peculiarities  connected  with  the  form  of 
the  land  allow  water  to  be  retained,  forms  another  group ;  and  the  drainage  of  land,  whone 
there  is  sufficient  fall  (and  where  there  appear  no  reasons  at  suiface  for  any  accumulation 
of  water,  but  where,  notwithstanding,  the  ground  does  get  choked,  and  prevents  the 
advance  of  vegetables),  also  needs  consideration,  as  involving  a  third  class  of  phenomena. 

Allnwial  Soil.— Connected  with  this  part  of  tho  subject  may  be  mentioned  the 
case  of  soils  deposited  at  the  mouths  of  rivers,  and  forming  strips  of  the  richest  land, 
gradually  widening  towards  the  sea.  The  mud  thus  brought  down  by  running  water, 
and  left  behind  where  the  current  of  the  stream  is  checked,  is  called  aUtmal,  to  distin- 
guish it  from  the  accumulations  of  mud,  sand,  and  pebbles— the  result  of  accidental  and 
occasional  torrents,  called  diluvium.  In  some  parts  of  the  world,  especially  in  tho  great 
plains  extending  between  the  Caspian  Sea  and  the  sea  of  Aral,  vast  tracts  of  flat 
country  are  occupied  by  great  thicknesses  of  the  richest  soil ;  and  Elsewhere,  as  in 
parts  of  India,  other  circumstances  have  conspired  to  produce  similarly  valuable  soilB, 
whether  for  the  cultivation  of  com  or  cotton. 
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Omuos  of  Fertility.— 3oila  being  at  once  the  habitation,  the  mechanical  support, 
and  the  aonroe  of  nonriehment  of  plants,  eyidently  require  special  treatment,  and  pecu- 
liar consideration.  In  addition  to  the  yegetable  matters  which  help  to  render  them 
available,  they  require  certain  proportions  of  silica,  alumina,  lime,  magnesia,  and  iron, 
besides  potash  and  soda,  sulphur  and  phosphorus,  and  water. 

Fertility  depends  on  depth,  and  on  the  texture  and  condition  of  the  minerals  that 
aro  present,  as  well  as  on  the  nature  of  those  minerals.  The  actual  proportion  varies 
exceedingly,  as  will  be  seen  on  examining  the  proportions  that  have  been  found  in  the 
case  of  some  of  the  most  remarkable  known  instances.  Those'selected  are  (1)  the  mud 
of  the  Nile,  celebrated  in  history  as  the  most  fertilizing  of  all  materials,  and  constantly 
spread  over  the  land  in  each  succeeding  year ;  (2),  the  TMor»02«n,  or  black  earth  of  the 
Ando-Caspian  Plains,  which  feed  twenty  millions  of  people,  and  export  besides  fifty 
millions  of  bushels  of  com  annually,  bearing  crops  for  yean  together;  (3),  the 
RtfUTy  or  cotton  soil  of  India,  where  constant  successions  of  crops — one  of  cotton,  and 
two  of  com — have  been  produced  for  the  last  twenty  centuries ;  and  (4),  the  rich  and 
valuable  soils  of  various  grazing  counties  of  England,  as  Devonshire  and  Cheshire,  de- 
rived firom  the  red  marl.  Of  these  the  tchomozem  is  twenty  feet  thick,  and  contains,  in 
addition  to  its  solid  ingredients,  2'|  per  cent,  of  nitrogen,  while  the  regur  varies  from  three 
to  twenty  feet,  and  is  chiefly  remarkable  for  its  large  per  centage  of  carbonate  of  mag- 
nesia.   The  Nile  mud  contains  much  the  largest  proportion  of  organic  matter. 
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▼uiowi  XUnds  of  8oUs.— It  will  easily  be  seen  that  as  far  as  soils  are  derived 
from  underlying  zocks,  they  may  be  divided  into  four  groups. 

1.  Aluminous,  or  clay  soils. 

2.  Calcareous,  or  lime  soils. 

3.  Siliceous,  or  sandy  soils. 

4.  Soils  derived  from  basalts  and  granite,  and  of  mixed  character. 
Of  these  the  simple  and  ordinary  combinations  require,  indeed,  to  be  known,  but 

tb^  occur  in  rocks  of  all  geological  periods.  Thus  clay  soils  consist  of  silicates  of 
alumina,  mixed  up  with  more  or  less  sand,  and  frequently  with  lime,  and  are  usually 
coloured  with  iron.  When  combined  with  from  thirty  to  forty  per  cent,  of  sand,  they 
become  clay-loams.  "When  there  is  from  forty  to  seventy  per  cent,  of  sand,  they  pass 
into  true  loams  and  loamy  soils;  and  not  till  the  per  centage  of  sand  is  nearly  ninety 
do  they  become  sandy  soils.  So  again  with  from  five  to  twenty  per  cent,  of  lime  the 
«ril  becomes  marly ;  and  not  till  it  has  more  than  twenty  per  cent,  of  lime  does  it 
receive  the  name  of  a  calcareous  soil. 

Of  the  various  clays  in  England,  those  of  the  older  tertiary,  middle  spcondaiy,  and 
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newer  PalaBOzoic  periods,  contuia  but  little  calcareous  znattcr  j  and  those  of  the  gault  and 
lias  hut  little  sand,  and  much  calcareous  matter.  Most  of  tlicse  soils  are  close  and 
retentiye.  When  veil  tended  and  highly  cultivated,  they  produce  large  crops  of  com 
and  other  grasses,  but  are  not  suitable  for  the  turnip.  When  poor  and  undrained,  they 
grow  coarse  grass  and  oats ;  but  they  require  drainage  and  dressing  with  lime,  f^and, 
grayed,  or  burnt  clay,  to  render  them  really  available.  They  usually  contain  the  sili- 
cates of  alumina  (clay)  to  excess.  The  fen  districts  of  Lincolnshire,  Huntmgdonshire, 
Cambridgeshire,  and  the  neighbourhood,  are  good  illustrations  of  the  high  capabilities 
of  many  of  these  unpromising  tracts  j  more  especially  for  heavy  com  crops. 

Calcareous  rocks,  when  perfectly  pure,  frequently  yield  barren  soils,  as  maybejBcen 
both  in  the  case  of  soft  chalk  and  hard  limestone  in  various  parts  of  the  British  island b. 
These  rocks  are,  however,  rarely  without  a  certain  proportion  of  clay  and  silica ;  and, 
together  with  a  little  vegetable  matter,  they  make  excellent,  though  often  light  soils. 
Soft  limestones  (chalk)  absorb  much  water,  but  do  not  give  it  out  again  freely  by- 
draining  naturally  into  crevices ;  although  by  evaporation  it  is  easily  removed.  Thus 
most  of  the  limestone  soils  soon  dry  at  the  surface  after  rain,  but  rarely  sufier  aeverely 
from  drought. 

Sand  soils  are  of  various  kinds,  but  always  require  admixture  with  limestone  or 
day,  or  both.  Pure  sand  has  no  coherence,  and  contains  nothing  to  which  plants  can 
a:ttach  themselves,  or  from  which  they  can  derive  nutriment.  Combined  with  other 
earthy  substances  of  almost  any  kind,  sands  are  useful  for  certain  purposes.  Water 
enters  sand  freely,  and  nins  through  and  into  crevices  without  being  retained  in  the 
mass ;  and  in  this  way  sand  greatly  differs  from  limestone  and  clay. 

Alluvial  soils  derived  from  rivers  generally  consist  of  line  mud,  and  contain  an 
admixture  of  mineral  constituents,  and  a  certain  amount  of  organic  matteir,  both  animal 
and  vegetable,  mixed  with  them.  Diluvial  so3s,  on  the  other  hand,  are  mare  usually- 
stony,  and  often  barren,  consisting  of  large  gravel,  boulders,  and  fragments  of  stone 
mixed  with  clay. 

Many  of  the  igneous  and  metamorphic  rocks  decompose  into  soils  of  the  riehest  and 
most  valuable  kinds.  Thus  lava  and  basalt,  in  themselves  rough,  hard,  and  apparently 
altogether  unfitted  for  agricultural  use,  only  require  a  little  time,  and  a  certain  amount 
of  weathering,  to  produce  the  finest  soils  in  the  world.  Even  decomposed  granite  is 
often  Tory  valuable ;  and  some  of  the  porphyries  may  be  reeognised  as  the  underiying 
rocks  in  the  case  of  rich  soils.  Usually^,  however,  those  hard  rocks,  when  jMurtially  or 
entirely  crystalline,  resist  atmospheric  action  too  long  to  allow  of  much  vegetable  soil 
accumulating  on  them.  Thus  the  granites,  gneiss  rocks,  slates  and  schists,  are  pre- 
sented in  bare  mountain  masses,— occasionally,  perhaps,  covered  with  a  few  trees ;  but, 
except  where  the  atmosphere  is  constantly  nu>i8t,  they  are  OFscntially  naked,  and 
exhibit  grandeur  rather  than  beauty  or  economic  valae. 

MiiMxal  Mftmureft.— Ths  admixture  of  soiki,  so  as  to  produoe  a  mineral  manure^ 
is  a  matter  of  the  highest  importanee  in  the  practice  of  agriculture.  It  requires  a  dis- 
tinct appreciation  both  of  geology  and  chenodstry  to  do  this  efiectually  ;  and  certainly 
no  fanner  should  bo  ignorant  of  what  probably  exists  a  few  feet,  or  a  few  dozen  feet, 
below  the  sur&oe  which  he  cultivates.  It  is  now  some  time  since  the  various  soluble 
phoqiliBtes  were  found  to  produce  a  great  effect,  especially  on  root  crops,  such  as  tur- 
nips ;  and  the  discovery  of  mineral  phosphates,  which,  by  chemical  treatment,  were 
made  valuable  for  manure,  was  an  era  in  the  application  of  science.  To  the  scientific 
knowledge  and  experience  brought  to  boar  through  the  agency  of  Mr.  Lawes,  of 
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JMmnmtisady  nesr  at.;Albaii9,  l>cdi.of  pabbki)  forming^a  lai^o  part  of  the  gra/ral  diffii  itf 
Soflblk  mad  Eaaex^  "haYe  beca  found  worth,  .working^  and  remoYing  to  the  naighbomiiood 
of  London,  where  they  arc  treated  with  8«l|>hiuio  acid,  ground  up,  and  mingled  wi& 
other  Buhstances,  to  fonn  a  valuable  mineral  ingredient  for  certain  soils.  These  pebbles 
consist  chiefly  of  phosphate  of  lime ;  and  other  deposits  and  veins  of  the  same  substance 
an  no  doabt  to  be  found  in  England  and  elsewhere.  Thoir  valne  is  oonsidaaUe,  and 
Aay  an  well  worth  carsful  search.  These  aze  mentioned  as  affinding  good  exampka  of 
the  tp^lieation  of  ndiMMl  mannrea  toagriculture^  even  when  the  minerals  found  reqain 
prepanition  of  a  aomowfaat  elaborate  kind.  The  admixtuns^itf  chalk  with  stiff 'days 
and oAer mils  of  themme kind,  are  less  complicated,  but  hardly  less  limportaxit,  inas* 
amch  as  they  aire  orery  where  possiblo,  and  require  leas  knowledge  and  fowor  ezpeii* 
mauls.  To  apply  in  this  way  with  advantego  the  knowledge  devived  from  the  study 
of  gcobgy,  ihiB  fkrmar  nmat  know'&miliarly  the  stntcttrrc  of  the  eaith  in  his  neigh* 
boorhood.  He  diould  bo  aware,  not  merely  of  that  which  he  can  «ee  diroetlyliefoie 
him  and  benentii  his  feet,  but'What  roeka  atro  balow  the  «ttriaco--how  they  an  pteaedr- 
viMt  tbqy  oontaan—and  how  they  can  bo  beat  naehad  or  «Toided.  This  knowlodga  of 
stnietwa,and  the  application  of  it,  is  "piaetioal  geology"  of 'the  best  kind. 

OonOlUBioii*— In  thia  brief  otitlino  of  operationa  concerning  tiic  science  of  agri* 
eoltare,  aa  baaed  on  aetoal  observation  of  the  earth's  structure,  and  distinguished  from 
mcTD  empiricism,  an  endeavour  has  been  made  to  Ulnstrate  a  great  subject,  little  nndsr* 
stood,  and  lees  practiaed ;  but  upon  the  due  application  of  whioh  much  of  the  pro- 
verity  and  happiness  of  a  large  proportion  of  the  population  of  England  for  the  filtme 
nnHtToaUy  depend. 

If  farman  and  agriculturists,  availing  themselves  of  the  knowledge  and  cxpotienoe 
of  others,  as  well  as  that  acquired  by  themselves,  are  wilHng  and  anxious  to  improve 
and  fully  cultivate  their  land,  they  may  unquestionably  now  obtain  a  fair  profit  for 
capital  fairly  invested ;  but  if  they  nc<^ect  the  simplest  lawa  of  nature,  and  the  dbser- 
TatioD  and  comparison  of  the  operettons  daily  xnrescnted  to  their  notice,  they  will  be  the 
principal  aufibren,  although  tho  general  interests  of  the  country  will  no  doabt. also 
boeffeeted. 

Nature  haa  providod  everywhere  indications  of  the  internal  structure  of  the  earth ; 
and  tiiese  are  in  no  ease  so  clear,  and  in  none  more  important  and  valuable  than  where 
thay  refer  to  the  culture  of  food  plants.  The  kind  of  mineral  riches  required  for  this 
purpose  ia  generally  present  near  the  surface,  is  easily  understood,  and  soon  bron^ 
into  use.  It  is  therefore  quite  ccitain  that  overy  one  concerned  in  the  management  of 
land  should  be  acquainted  with  the  nature  and  range  of  each  geological  formation ;  the 
eondltians  and  circumstancee  under  whidh  these  come  to  the  eurfaee  in  his  own  innne- 
diate  diitriet ;  the  texture  and  derivation  of  the  soil  and  its  relation  to  the  sub-aoil;  the 
dip  andatrike  of  tiie  strata,  and  the  form  and  surface  of  the  land.  Where  an  estate  is 
aitotted  on  several  beds,  each  must  bo  examined ;  and  the  natural  as  well  as  aotnol 
cooditMn  of  the  soU  must  be  determined,  and  mixtures  of  soil  suggested.  The  e<t«itt 
and  influence  of  faults  and  disturbances  of  the  regular  stratification  must  also  be  feirly 
omaidered ;  and  the  whole  plan  of  cultivation  must  have  some  reference  to  those  points 
wMdi  have  been  here  referred  to. 

When  draining  operations  on  a  large  scale  are  to  bo  commenced,  and  tho  engineer 
<^  in  to  assist,  or  precede  the  farmer,  ho  also  must  understand  what  is  beneath  the 
•wfeee  before  he  oan  fitly  apply  his  skill  and  develop  tho  resources  lus  scienoe  sug- 
*?<*».    Ko  work  is  really  satisfartory  and  suflicient  either  in  ngrlouUure,  or  in  that 
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department  of  engineering  useful  to  the  cultiyator)  which  does  not  refer  to  geological 
structure,  and  which  does  not  fairly  estimate  the  facts  now  clearly  determined  con- 
cerning the  earth's  ancient  and  recent  history. 

SNOTNSE&INO  OEOLOOT.— DKAINAOE. 

Not  only  in  questions  of  drainage  on  a  largo  scale,  hut  wherercr  it  is  required  to 
reclaim  lands  or  construct  puhlic  works;  whether  it  he  the  question  to  lay  out  eztensiye 
operations  of  well-sinking,  or  contrive  the  hest  mode  of  impounding  water  for  the  use 
of  towns ;  whether  the  selection  of  lines  of  railroad,  or  other  roads  where  deep  cuttings, 
tunnels,  and  heavy  embankments  be  the  object  in  view ;  or  whether  it  be  the  construc- 
tion of  docks  and  harbours,  the  selection  of  sites  for  new  towns  in  the  colonies,  or  any 
of  the  numerous  other  engineering  operations,  where  the  structure  of  the  earth  influences 
the  operations  and  works  to  be  performed,— in  all  such  instances  a  sound  knowledge  of 
Greology  is  necessary.  In  cases  where  large  masses  of  stone-woik  are  to  be  put  upon 
the  ground,  and  massive  public  buildings  erected,  distinct  information  of  a  similar  kind 
is  needed  by  the  architect,  who  has  occasionally  also  to  decide  on  engineering  questions, 
and  on  the  selection  of  material.  The  application  of  geological  information  to  engi- 
neering is  thus  capable  of  being  grouped  under  various  heads,  which  may  be  thus 
enumerated— (1),  drainage;  (2),  water  supply;  (3),  material  for  construction  and 
decoration.    Wo  proceed,  then,  to— 

Bimlnage  of  Land.— The  artificial  drainage,  and  ultimate  reclaiming  of  large 
tracts  of  rich  land  hitherto  subject  to  destructive  inundation,  or  permanently  under 
water,  is  one  of  the  most  important  matters  on  which  engineering  skill  can  be  exerciaed. 
Attempts  of  this  kind  have  frequently  succeeded,  and  the  advantage  in  such  case  is 
enormously  great.  They  have  sometimes  failed,  and  the  loss  is  correspondingly 
ruinous. 

It  is  chiefly  in  countries  where  land  is  very  valuable,  or  where  the  position  of  the 
land  supposed  to  be  recUdmable  is  of  great  political  advantage,  that  such  operatibns  can 
be  properly  attempted.  A  large  part  of  Holland,  and  the  extensive  fen  lands  of  Lin- 
colnshire, Cambridgeshire,  and  adjacent  counties  in  the  east  of  England,  aflbrd  admi- 
rable illustrations  of  the  two  most  remarkable  conditions  of  sucoessAil  drainage  of  this 
kind.  The  drainage  of  bogs,  in  the  interior  of  a  country,  is  a  somewhat  different 
process;  and  the  drainage  of  uplands  generally,  for  ordinary  agricultural  purposes,  on  a 
small  scale,  requires  only  the  application  of  a  small  amount  of  geology  and  a  little 
surveying  knowledge  of  the  commonest  kind. 

The  fen  lands  of  Holland  are  dciived  from  the  delta  or  mud  accumulations  at  the 
mouth  of  the  Rhine,  and  are  therefore  not  at  all  above  the  level  of  high  water  in  the 
adjacent  ocean.  The  fens  of  Lincolnshire,  on  the  other  hand,  though  often  subject  to  in- 
imdation,  are  really  above  high- water  mark.  In  the  former  case,  therefore,  the  water  has 
to  ho  lifted  off  the  surface  into  dykes  constructed  for  that  purpose,  after  artificial 
barriers  have  been  constructed  to  prevent  the  incursion  of  the  sea,  and  the  drainage 
can  only  pass  into  the  ocean  at  low  tide ;  but  in  the  latter  the  fall  is  sufficient 
to  allow  the  water  to  run  off  continuously  after  such  barriers  have  been  placed. 
The  construction  of  the  barriers  and  dykos,  and  the  mode  of  lifting  the  water, 
and  conducting  it  to  an  outfall,  are  all  objects  of  engineering  enterprise  in 
Holland  and  in  England;  but  with  us  the  chief  object  in  view  is  that  of  providing  a  dear 
and  direct  path  for  the  surplus  water  to  escape.  The  Dutch  draining  engineer  has  not 
to  trouble  himself  with  the  structure  of  the  underlyiDg  rock,  since  the  only  material 


Digitized  by  LjOOQiC 


ARTIFICIAL  DRAINAQE  AND  WARPING.  197 

with  which  he  can  hare  to  deal  is  the  river  mud,  generally  of  great  thickness,  and  of 
uniform  character.  The  English  engineer  has  to  consider  how  and  where  he  can  safely 
cut  or  construct  his  artificial  channels,  to  discharge  the  rivers,  and  empty  lakes,  in  a 
district  where  the  rocks  to  be  dealt  with  are  both  varied  in  their  character,  and  different 
in  mechanical  position. 

The  existence  of  the  fens  of  Lincolnshire  is  due  to  the  fact  that  two  large  deposits 
of  tough  impermeable  clay,  of  the  oolitic  period,  there  overlap  without  any  inter- 
mediate draining  stratum.  These  beds  have  a  regular,  though  very  small  fall  towards 
the  sea;  and  without  some  check  to  the  entrance  of  the  water,  they  would  be  subject 
to  injury  from  occasional  high  tides.  They  are  traversed  by  numerous  streams,  bringing 
down  water  from  the  higher  ground  in  the  interior ;  and  parts  of  their  surface  where 
depressions  exist  are  covered  with  large  ponds  or  lakes  of  fresh  water.  The  dip  of  all 
the  beds  being  seaward,  no  natural  barrier  exists  either  on  or  near  the  coast  tending  to 
keep  back  the  water  flowing  towards  the  sea,  or  check  the  advance  of  the  sea  during 
tides  of  imusual  height. 

It  is  not  diffictdt  to  explain  the  process  by  which  a  low  flat  coast,  like  that  which 
onr  fen  lands  originally  presented  to  the  sea,  has  in  time  become  so  mnch  covered  with 
water  as  to  be  qoite  valueless  without  artifldal  drainage,  although  there  originally 
existed  a  natural  fall  sufficient  to  carry  off  the  water.  If  we  assume  the  condition  of 
the  land,  at  some  distant  period,  to  have  been  dry  and  covered  with  forest,  being  then 
naturally  drained  by  streams  running  directly,  and  without  interruption,  to  the  ocean, 
it  is  easy  to  see  that  an  accident,  which  should  divert  the  course  of  a  stream  from  its 
original  line,  or  any  obstacle  that  kept  back  part  of  the  water  in  a  pond  or  lake,  must, 
by  checking  the  rate  of  progress  of  the  water,  produce  an  accumulation  of  mud,  either 
in  the  river  or  at  the  sea  coast.  Even  under  the  most  favourable  circumstances,  a  bar  or 
bank  of  mud  must  always  be  formed  when  a  river  after  running  over  a  clay  soil,  with  a 
moderate  current,  comes  direcUy  in  contact  with  the  tidal  wave.  This  check  to  the  course 
of  the  water  obliges  it  to  deposit  a  part  of  its  load  of  mud,  both  because  the  sea-water 
is  heavier,  and  because  its  momentum  is  greater.  The  fresh  water  partly  floats  over 
the  salt,  but  its  motion  being  interrupted,  the  mud  soon  begins  to  be  deposited.  In 
any  way  it  must  appear  that  the  first  check  given  to  the  direct  course  of  the  stream — 
the  first  bend  or  siauoaity  produced, — ^inevitably  tends  to  make  a  second  curve,  and  so 
on,  until  the  stream,  originally  straight,  becomes  serpentine.  But  if  a  stream  has  to  go 
a  certain  distance  to  the  sea  through  flat  lands,  its  rate  of  motion  is  manifestiy  affected 
by  this ;  and  if  tho  original  rate  has  been  slow,  the  volume  of  water  not  considerable, 
and  the  distance  the  water  has  to  travel  should  in  time  become  doubled  by  the  more 
Btauous  course  it  is  made  to  follow,  the  rate  of  motion  must  be  nearly  halved,  and  the 
power  the  stream  has  to  convey  mud  and  silt  is  then  proportionally  diminished.  Thus 
everything  tends  to  increase  the  evil;  and  it  can  only  be  corrected  by  cutting  a  fresh 
and  direct  outlet  for  the  water,  and  entirely  checking  that  tendency  to  wind  in  sinuous 
curves  so  conmion  in  all  streams  meandering  over  flat  clay.  This  done,  the  outiet  kept 
clear,  and  the  embankment  towards  the  sea  in  good  condition,  a  fen  district  above  high- 
water  mark  becomes  effectually  and  permanently  drained. 

The  process  of  warping^  or  admitting  muddy  water,  or  water  loaded  with  silt,  to 
enter  low  flats  at  flood  or  high  tides,  there  to  remain  until  it  has  deposited  its  mud, 
and  afterwards  allowing  it  to  run  off  dear  when  the  tides  are  low,  ib  an  important 
means  of  raising  the  general  level  of  large,  low  tracts  near  the  sea,  until  they  approach 
the  highest  level  of  high  water,  and  become  permanently  reclaimed.  This  is  often  con- 


Digitized  by  LjOOQIC 


IM  ciBcnx«ASioir  of  water  bv  the  atmosfhere. 


necUd  with  large  dnining  operatioii».  The  Temoral  of  water,  where  it  is'acenmraliKtad 
on  meuntain  tracts  under  ▼egetati<iii,  as  is  the  case  in  many  parts-  of  Ireland  and 
eisewhoFS)  may  often  bo  efifeotod  by  Tory- simple  means,  when  the  natnro  or  tiie 
underlying  rook  is  known.  This  pfx>cefl8  is  analogous  to  that  of  drainihgfor  ordhtary 
agricultural  purposes. 

THE  GEOLOOT   OF  WATER  SUPPLY. 

nUitfUmtioii  and  Oiittalatton  of  WatiK.— In  an  earlier  pari  of  thia  tnaUsa, 
while  speaking  of  tho  distributton.  of  water  on  the  earth's  soifaco^  by/ means; of  the 
atmosphere,  some  aeeount' will  be  ibundof  the  way  in  wUdL  a-cxcoolaliDicof  wvttofia 
kept  up,, and  the  supply  of  ipiinga  and rirers*  rendered  pnnuBieBt  M  wapy  }tnet 
recapituUtion  of  .these  faots  may  here  he  riiaefuL 

TSbe  earth-  we  have,  seen  consists  (see  pagod)  of  three  fonnr  of  mattet  afiiial, 
fluid,  and  solid ;  theageiMsy  of  heat  keeping  ^  the  diffareBtanbttaaoea  in'that  one  of 
theeo  conditions  which  belongs  to  it  at  tho  particular  tcmpcratuve  to-  wiiioh>it  may  at- 
aaj^  timo  happen  to.be  03Cposed,.but  in  a. general  wayt  Inviag  w&ter  fluid,  tile  atiaos* 
phm  giMeeas, .and  tho  remaiialar  solid.  Aic^  hoaiever,  as  well  as^ earth  and:  water,  is 
oa{|aUe.Qf.  letaming  in  a*  state  of  ansprasioLor  solution  somo-qaaatity  ofmost'of  the 
fliddp^flttd.  eyen  soUd  auhstanoes  with.whieh  we  ^  anao^uanted,  and  generally  eontMna 
aa>  an  aveiae^.in:  ite  usualistaate,  nearly*  four  grauia  of  water  in  each  oubie  foot»  whioh 
isroqfiuvalisit  to  •about  oos.  pint  in.  a  xataLflftecn*  feei<  sfaare  and.  eigjit  Ibothigh  i  Tbus ' 
ilaeaultli.by  a>  simple  oaloulttdan^  that  the  oalumnof  atmosphoro  ormn  eaeh  aoro  of  the* 
ontfa^s  aodbee  oe»tains  abont.a  quarter'  af  a  ndlliimiaf  gallbna^of  water,  in  what: nay  * 
be.flBgarded  aa  its.  noEMaL  ooadilion^  andrwUhoat  fbehng  daaip).  or  tendhig  to  ba^iepoaited ' 
iAJaii[t4>rrain« 

But  the  qnantity  piaaent.in.  parta  of  the  ovlfaanr;  eq^eially  thaao.  neareft  tbe 
eaiih, »  callable  of  being  very  greatly  iaeieased  -  uadar  fivomaUo^oiicHmstanoes,  Thas 
inmisuner,  at  a  teasqieratuie  Qf:7i)Vxuonitii8neigi>t.grain>  ia  the  oobiofoot,  opdottblb 
thiaaaMuttt,  can  be  held,  while  in  winter  the  foantityis  mnoh  loss  than  fbar;  so 
that,  if  we  asaune  a  limited. tfaickacas  of  tko.  atam^ere,.  wo  shail  And-  thai  oaeH 
yazdiof  height'  of  the  ccklunm  sihready  alluded  toy  whose  base  is  one  acto^  may,>  under' 
thisi  altered  stato'of  affaiia,  contain  nolessthan  sixtecii  fj^enaof.ni'ator;-  and  that, 
b^^hango  of  temperotare  and  other  causes,  this,  power*  of  retention  is  capable  of  rapid 
rednctJon  to  the  normal  quantity  of  four  gallons.  The  huge  amount  of  twel^  gallons 
of  .laater  may  tfius  ba  actually  disobargcd  £eom  such  a  spacoof  air  in  a.  short  timo^^  and- 
this  caleulation  gires  an  approjdmato  measuro  of  the  water-contents  of  that  pailf 

'  of  iha<air'oeoupied-by  clouds,  which  arewoll  kaown  to*  be  aooumulatioms-of  ▼apoor 
origiaally.'diaBolTed  in>  tronspaiont  air;  but  made  yiabfe'fay  ehangea  in  the  atmoaphetie 
coadition.  An  acre  of  csloud,  Ave  hundred  ^luds  thick,  may  disehargc  any  quantity  up 
to  sU  thousand  gallons  of  water,  prorided  the  condition  of  the  air,  in  ragard  to 
temperature,  iraury  &om  70*  to  4(r.  The  actual  quantity  that  fslU  will  depend  partly  on 
the  rapidity  and  extent  of  change,  and  partly  on.  electrical  oonditiens. 

Thus  if  a  rain-cloud,  five  hundriod  yards  thack,  moveoirarrdn)  land  on  a  hot  summer's 
day  at^hD:rato  of  three  miles  an  hour,imd  deposit  one  twonty^flfth  part  of  itsavailable 

'  waterv  thci»  will  occur  a  shower  of  raia,  and  the  amoant  of  rain  fidling  will  bemaiked 
bythe  Baia-gaugc  as  one  inch.    This  corresponds  to  about  twenty  thousaafl  galloasof 

.  water  ont  each  aeie  of  ground  orer  which  the  sUoieer.- has  ftdUen  at  ther  stiiiiad  rata. 

:  Sueh.ai^owier  would  bo  unusually  heavy*;,  but  even  a  larger  fall  often  ocesrsin  snmmaR. 
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Tho  total  rain-fall  in  one  year,  in  the  neighbourliood  of  London,  is  only  about  twcnty- 
fiyc  times  this  amount. 

The  reader  will  understand  that  such  a  statement  is  to  be  taken  only  as  appTozf- 
matrre ;  but  it  is  sufficiently  accurate  to  serve  as  an  iHnstration.* 

The  mean  rain-fall  in  all  England,  taken  one  year  with  another,  is  considered  to  Be 
on  the  whole  about  thirty  inches ;  but  the  average  on  the  plains  is  twenty-four  and 
a-haH  and  on  the  mountains  forty  and  a-half  inches.  The  average  fall  during  the  spring 
and  summer  months  on  the  plains  is  ten  and  a-half,  on  the  mountains  eighteen  and 
a-half  inches ;  and  during  the  winter  and  autumn  months,  on  the  plains,  fourteen—* 
on  the  mountains,  twentj'-two  inches. 

The  total  amount  that  sometimes  falls  in  one  year  is  oflcn  far  above  or  bdow  the 
average  in  particular  spots.  Thus,  at  Scathwaite,  in  the  Westmoreland  lake  district, 
nearly  one  hundred  and  sixty-one  inches  are  recorded' — tins  being  equal  to  the  largest 
average  in  the  tropics. 

The  actual  amoimt  of  water  that  falls  over  the  whole  earth  in  the  course  of  one 
year  is  calculated  to  be  equivalent  to  one  yard  in  depth,  if  retained  on  the  surfkce  df 
the  land. 

Of  this  large  quantity  of  water  that  maybe  regarded  as  "in  circulation,"' it  is 
supposed  that  about  one-sixth  part  runs  off  in  rivers,  and  that  one.  part  sinks  into  the 
soil ;  while  the  rest  is  immediately  rc-evaporatod  betbre  it  has  produced  any  effect 
The  supply  for  various  economic  purposes  maybe  obtained  either  from  rivers  directly ; 
ftcaa.  natural'  springs  rising  at  the  surfaco;  from  water  impounded  from  springs 
obtained' by  artificial  sinkings  and  borings,  but  in  which  the  water  rises  to  and  flows 
over  the  surface ;  or  from  deep  wella  mto  which  water  flows,  but  fivm  which  if  must 
be  pumped. 

It  has  been  usual  to  obtain  water  for  tho  use  of  towns  either  from  rivers  or  sprmgs 
—the  water  being  sometimes  conveyed  from  a.  considerable  distance  by  aqueducts  or 
pipes.  IToro  recently  it  has  been  thought  advisable  to  collect  and  store  water  in  largo 
reservoirs,  whence  it  is  conveyed  to  the  required  spot.  Some  of  the  largest  manu- 
facturing towns  in  England  have  of  late  years  resorted  to  this  as  the  best  plan. 
Manchester,  with  a  population  of  400,000,  is  supplied,  from  a-  distance  of  sixteen 
milea,  by  a  reservoir  about  eighteen  thousand  acres  in  extent ;  Kewcastle-on-Tyne- 
(population  120,000)  by  about  four  thousand  acres,  twelve  miles  off;  Bolton  (60,000) 
^  five  hundred  acres,  four  miles  distant ;  and  arrangements  are  being  made  to  supply 
the  400,000  inhabitants  of  Liverpool  by  reservoirs  occupying  ton  thousand  four  hundred' 
acres,  at  a  distance  of  twenty-six  miles  from  the  town.  Tn  all  these  cases  tho  water  is 
pure,  and  can  be  supplied  with  great  advantage  in  sufBcient  quantities.  The  rain  is 
collected  over  a  certain  area  by  intercepting  all  the  streams  that  would  otherwise 
convey  it  away  to  a  lower  level ;  but  to  do  this  effectually,  it  is  absolutely  necessary 
that  the  rock  beneath  tho  reservoir  should  retain  the  water,  and  not  contain  any 
^jorious  minerals.  To  dctermino  this,  not  merely  a  surface  survey  is  necessary,  but 
a  geological  survey  to  learn  the  nature  of  the  beds,  .their  dip,  and  the  outlet,  if  any,  of 
such  as  are  permeable,  and  also  (most  of  all)  the  presence  or  absence  of  faults  which 

*  It  should  be  remarked  that,  to  render  this  illustration  less  complieafted,  itfis  an&medtliatliv 
'vbo^e  oeloiim  would  be  of  equal  density.  This  is  not  tho  caie  in  naturor  in  consequoBOO  of  the  eliis- 
ticitjr  of  air  ^  and  the  portion  of  the  column  equivalent  to  a  yard  in  thickness  near  the  earth's  sorfoce 
^oald  be  many  times  that  thickness  if  taken  at  a  considerable  elevation.  Still,  the  general  argument 
w>fl  the  Gonctusions  remain  the  same. 
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might  immediately,  or  ultimately,  drain  off  the  water  intended  to  he  stored.  On  tlie 
other  hand,  advantage  can  sometimes  he  taken  of  natural  springs  to  act  as  feeders  to 
the  supply. 

The  cases  where  yery  large  quantities  of  water  issue  from  the  ground  at  one  spot, 
and  are  to  he  depended  on  as  a  permanent  source  of  supply,  may  he  supposed  to  be  rare. 
There  are,  however,  very  remarkable  instances  recorded.  Thus,  at  Vanclnae,  there  is 
a  spring  of  water  yielding  frx)m  thirteen  to  forty  thousand  cubic  feet  (eighty  thrnisand 
to  a  quarter  of  a  million  gallons)  per  minute,  varying  according  to  the  season.  This 
quantity  is  sufficiently  large  to  supply  a  population  double  that  of  London.  Another 
fountain,  also  in  the  south  of  France  (near  the  town  of  Nismes),  yields  as  a  minimum 
one  hundred  and  fifty  gallons  per  minute,  the  quantity  occasionally  increasing  to  one 
thousand  gallons. 

But  water  is  far  more  frequently  obtained  from  springs  reached  by  boring  into  the 
earth  to  somo  depth,  either  to  a  natural  reservoir  formed  in  a  crevice  or  cavity  in 
the  strata,  or  else  to  some  particular  rock  that  allows  water  to  permeate  fr«ely  throng^ 
it,  and  is  fed  from  the  sur£ice,  or  frx)m  a  distant  source.  It  is  well  known,  and 
easily  proved,  that  all  rocks  contain  water ;  but  that,  while  some  suck  up  a  quantity 
which  may  be  very  considerable,  and  retain  it  like  a  sponge  by  capillary  attractiao, 
others  merely  receive  it  mechanically,  and  soon  part  with  the  greater  proportion.  As 
the  best  examples  of  these  two  extreme  conditions,  may  be  mentioned  chalk  and  sand 
respectively.  A  cubic  yard  of  thoroughly  wet  chalk  contains,  in  addition  to  the  quan- 
tity of  dry  chalk  that  occupies  that  space,  one  third  of  its  bulk,  or  nine  cubic  feet  of 
water,  equivalent  to  upwards  of  fifty  gallons.  No  part  of  this  large  quantity  would 
leave  the  chalk  by  simple  drainage ;  so  that  a  well  sunk  in  chalk,  however  wet  the 
rock  may  be,  woiild  contain  no  water  if  the  chalk  were  perfectly  compact.  This, 
indeed,  is  never  the  case ;  and  there  are  always  a  vast  number  of  small  crevices,  and 
occasionally  some  very  large  ones,  through  which  the  water  flows  with  freedom  enough 
and  soon  clears  for  itself  a  passage.  Thus  a  well  in  chalk  often  yields  water,  though 
the  chalk  does  not  become  less  soaked  in  consequence. 

Sand,  on  the  other  hand,  contains  water  also  in  large  quantity,  but  under  very 
different  conditions.  Pure  sea  sand  will  contain,  in  a  cubic  yard,  about  the  same 
quantity  of  water  as  the  same  volume  of  chalk,  but  would  part  with  almost  all  of  its 
contents  into  a  well  sunk  into  it,  and  regularly  piuuped  fronu  This  is  easily  observed, 
and  may  bo  proved  by  experiment.  The  various  kinds  of  sandstone,  more  or  less  pur«, 
will  necessarily  contain  and  part  with  water  in  very  different  proportions.  Sandstones 
moderately  loose  in  texture,  such  as  the  new  red  sandstone  in  its  ordinary  state,  hold 
from  four  to  five  pints  of  water  in  the  cubic  foot,  and  will  part  with  a  large  proportion 
of  it.  Rocks  of  this  kind  are,  however,  much  cracked,  and  often  have  hard  impermeable 
bands  cutting  off  the  communication  between  the  different  parts  of  the  same  rock.  The 
crevices  m  the  sandstone  are  not  always,  indeed,  impermeable ;  and  thus  it  happens 
that  m  some  places  water  is  freely  conducted,  and  in  others  almost  checked  in  its 
progress  through  this  rock;  and  it  is  difficult  to  determine  beforehand  what  the 
particular  result  in  a  given  locality  will  be.  Under  the  most  favourable  circumstances, 
however,  it  may  be  considered  that  sandstone  will  yield  to  hard  pumping  a  million  of 
gallons  daily  fiom  a  deep  well. 

It  is,  however,  well  known  by  observation,  and  is  a  matter  of  no  little  importaace 
to  engineers,  that,  whether  in  sand  or  chalk,  a  well  sunk  and  kept  constantly  drained 
(technically  called  a  wcU  of  exhaustion)  must  necessarily  drain  the  surrounding  rock 
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to  aome  distance,  if  only  from  the  amount  of  friction  that  inevitably  takes  place  when 
water  flows  from  one  part  of  a  rock  to  another.  Thus  there  is  formed,  aroundsuch  a 
well  of  exhaustion,  a  conical  space ;  the  vertex  of  the  cone  being  the  bottom  of  the  well, 
and  the  base  at  the  surface  embracing  an  area  proportioned  to  the  nature  of  the  rock 
and  the  depth  of  the  sinking. 

AxtMlan  Wells*— The  cause  of  success  in  what  are  called  '<  Artesian  weUs" 
18  easily  explained  by  a  reference  to  the  position  of  strata.  Thus,  in  the  neighbour- 
hood of  London,  the  dudk  is  present  on  each  side  of  the  valley  of  the  Thames,  and  is 
known  to  pass  under  the  clays  and  sands  which  form  the  actual  strata  at  the  surface, 
and  extend  to  a  considerable  depth.  These  clays  and  sands  are  thus  in  a  kind  of  chalk 
trough,  and  there  are  generally  sands  between  the  day  and  the  chalk.  The  days,  it 
ia  hardly  necessary  to  say,  are  absolutely  retentive,  neither  allowing  water  to  bo 
obtained  from  them  nor  to  pass  through  them.  They  act  as  a  barrier ;  and  if  water 
comes  in  beneath  them,  conveyed  through  the  sands,  it  remains  there  under  pressure,  and 
unable  to  get  out.  In  such  case,  if  a  well  is  sunk,  or  a  boring  made  through  the  clay 
to  the  sands,  or  if  necessary  into  the  chalk,  water  will  not  only  bo  reached,  but  wiU, 
in  finding  its  level,  rise  in  the  well  sometimes  to  the  surface,  and  sometimes  even  above 
ity  though  often  only  a  part  of  the  way. 

Should  it  happen,  as  is  not  uncommonly  the  case,  that  no  such  trough  exists,  but 
that  some  of  the  beds  are  permeable  and  others  impermeable,  but  all  parallel  to  each 
other  and  going  down  to  considerable  depths,  the  former  may  become  soaked  or  filled 
with  water  up  to  or  very  near  the  surface ;  and  then,  also,  if  these  are  pierced  at  a 
distant  point  by  a  well  sunk  through  the  clays  or  stone,  the  water  wiU  rise,  obeying 
the  samo  law.  If  there  bo  faults  in  any  part,  it  may  happen  that  these  being  open 
may  carry  the  water  away;  but  they  may  also  bo  dosed  bdow,  and  allow  the  water 
either  to  accumulate  or  to  be  delivered  in  a  natural  spring.  So,  also,  it  is  not 
uncommon  to  see  springs  of  water  issue  from  a  hill  side,  where  permeable  beds  arc 
suddenly  cut  off. 

latcimlttent  Spiiiigs.'— In  some  parts  of  the  country  there  has  been  observed 
a  peculiar  condition  of  the  springs,  whidi  requires  some  explanation.  The  water  of 
these  springs  flows,  perhaps,  regularly  and  steadily  for  a  certain  time,  without  any 
apparent  reference  to  the  state  of  the^  weather.  At  length  the  flow  ceases ;  the  season, 
perhaps,  is  unusually  wet,  but  still  no  more  water  is  seen,  and  the  source  is  nearly  or 
altogether  dried  up.  After  an  interval— it  may  be  of  some  months,  or  even  years— the 
water  begins  once  more  to  flow  in  a  powerful  stream ;  and  this  time,  also,  it  may 
appear  to  bo  without  reference  to  the  season  or  the  rain  falls  of  the  preceding  or 
present  year.  These  phenomena  are  repeated  at  intervals,  more  or  less  irregular ;  and 
such  streams  are  properly  called  intermittent.  Nothing  can  really  be  more  simple  than 
the  cause  of  this.  A  large  cavity  in  the  interior  (generally  m  limestone  rock)  serves 
as  a  reservoir,  and  is  communicated  with  from  above  by  crevices,  through  which  the 
surface  water  drains.  Another  crevice  or  passage  exists,  taking  its  rise  near  or  at  the 
bottom  of  the  reservoir,  and  leading  to  the  phice  af  which  the  spring  flows,  which  may 
bo  at  a  diitanco  of  many  miles  from  the  chief  sources  of  supply.  This  passage,  how- 
ever, is  irregular,  and  instead  of  running  directly,  rises,  in  seme  parts  of  its  course, 
nearly  to  the  level  of  the  top  of  the  reservoir.  Until  the  reservoir,  then,  is  f\ill,  no 
stream  will  run  out ;  but  when  the  water  rises  so  high  as  to  be  above  the  highest 
point  of  the  passage  it  runs  over;  and,  provided  the  delivery  point  ia  beluw  the  bottom 
of  the  reservoir,  all  the  water  will  then  bo  drained  from  it,  because  the  passage  in 
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question  acts  aa  a  siphon— a  contrivance  often  made  use  of,  and  "vrhicli  wiD  Be  deacrilKid 
and- fully  explained  in  the  volume  on  "  Natnral  Philosophy." 

Watez  Stspply  for  Towns. — It  Ib  desarable  here  to  say  a-  fttr  trords  on  t&ia 
snbject,  as  involving  "some  important  considerations  in  \rhich  geological  inTcsttgatioDS 
are  extremely  useful.  It  is  clear  that  the  sources  of  supply  nriist  depend  imich  on 
local  circumstances.  "Whore  the  population  of  a  town  is  not  extremely  Ihrgc,  and 
the  rocks  yield  water  fircoly  from  wells  of  moderate  depth,  this  source  is  cxtrcmely 
Taluable,  and  may  hv.  sufficient.  Where,  however,  the  population  is  great  and  rapidly- 
increasing,  and  where  water  is  needed  for  manufactures,  stcftm-engines,  and  shipping, 
as  w«Il  as  for  drinking  and  household  purposes,  there  will  arise  a  necessity  fbr  some 
more  certain  and  ready  means.  Rivers,  if  sufficiently  large  and  rapid  to  secure  botb 
quantity  and  quality,  and  storage  in  rescn-oirs  at  a  distance  if  the  river  supply  is  for 
any  reason  unavailable,  form  the  nattiral  means  that  suggest  themselves. 

Absolutely  pure  water  is  not  to  be  obtained  in  nature;  and  fortunately  it  is*  not 
esBcntial— perhaps  not  desirable — for  the  ordinary  uses  of  animal'  and  rcgetablo  Kffcr. 
In  ordinary  cases,  rain-water  contains  ammonia,  and  in  or  near  towns  is  always  tainted 
with  TBrious  impurities,  introduced  into  the  atmosphere  where  large  numbers  of  litinum 
beings  and  animals  are  collected  together,  and  especially  where  household  fires,  and* 
manufactories  of  various  kinds  involve  the  combustion  of  very  large  qnantitics  of 
mineral  fuel.  Springs  water  contains  numerous  mineral  substances,  chiefly  salts  and 
gasoB,  obtained  &om  the  rocks  passed  through ;  and  as  water  is  an  ahnost  nnivcrsal' 
solvent,  tiio  -variety  of  those  is  very  great.  Tn  ordinary  cases,  the  salts  of  lime  and 
soda  are  chiefly  abuncbnt ;  but  salts  of  potash  and  magnesia  are  also  comnion.  The* 
salts  include  chlorides,  carbonates,  sidphatrs,  and  phosphates.  Iron,  silica,  and  Tery 
small  quantities  of  organic  matter  are  occasionally  found. 

River  water  contains,  in  addition  to  the  various  substances  obtained  from  springs, 
and  from  the  rocks  ovct  which  the  stream  passes,  a  quantity  of  organic  matter,  both 
of  animal  and  vegetable  origin,  which  in  the  neighbourhood  of  large  toyvns  nsuaBy 
includes  much  sewage  matter. 

It  might  be  supposed,  and  has  often  bcon  stated,  that  where  this  deposit  is  constantly* 
stirred  up  by  the  periodical  passage  of  the  tidal  ^in*e,  the  water  cannot  be  in-  any  oAcr 
than  an  unwholesome  state,  and  unfit  for  general  ufc.  There  are,  however,  causes 
at  work  tending  to  purify  the  water  by  simple  ex-;io.sure.  The  doeompoaing  animal 
and  vegetable  matter  is  rapidly  removed  from  a  mischievous  condition,  partly  by  uihu- 
tion,  and  partly  by  those  myriads  of  animalcules  which  are  oflcn  spoken  of  as  aniung 
the  impurities,  but  which  rc?aHy  collect  the  offensive  particles  and  re-intiiodure  tiiem 
into* the  realms  of  life.  River  -vi-ater  i*  freed  from  its  impurities,  even  of  tht  worst 
kind,  in  a  wonderfully  brief  space  of  time,  and,  with  the  aid  of  a  little  filtration,  is 
admirably  adapted  to  household  use. 

The  purest  water  is  that  which  is  foimd  in  motmtainous  or  hilly  districts,  where  there 
is  abundant  rain- fall  and  a  surface  of  hard  rock ;  but  it  is  remarkable,  that  among- 
woUs  those  sunk  deepest  generally  contain  less  solid  matter  than  those  moderately 
shallow.  The  quantity  varies  from  ten  to  about  seventy-five  grains  in  each  impcriai 
gallon  in  deep  wells ;  but  reaches  to  one  hundred  or  even  one  hundred  and  twenty 
grains  in  some  near  the  surface. 

General  Consideziations. — It  must  be  umicccssary  to  add  nmch  as  to  the  g^at 
general  interest  and  practical  importance  of  this  subject  of  water  supply. 

Its  bearing  on  the  general  health  of  the  vast  metropolis  of  the  British  empire- is 
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wow  mora  than  over  recognised  -,  and  the  necessity  of  providing,  in  some  way,  for  the 
inereMing  wants  of  the  population,,  is  daily,  more  and  moro  felt.     Methods  haye  boen 
fliiggeated.of  almost  all  kinds  by  which  the  existing  want  might  bo  supplied  ;  but  it  is 
a  siibjeot  of  regret  to  find  that,  fior  the  most  part,  these  arc  incomplete,  cither  owing  to 
iatentiaBBl  ne^ect  of  mristing  valuable  and  important  resources,  or  from  a  ialse  esti- 
mate of  other  resoorcos.     It  is,  no  doubt,  easier  and  moro  effectivo,  in  discussing, 
such  subjects,  to  take  up  one  side  and  press  the  advantages  of  some  one  method  ;  but 
this  way  of  considering  a  great  public  question  ought  not  to  be  adopted  by  those  who 
aim  at  the  geneval  benefit  of  mankind     It  hBSibeen  the  objwfe  hivt  to  inlsodoA^the 
sobjeet  of  water  supply  as  oonnBoted  wi&:the  hob  and  progress  of  geology.    Yiew^  i& 
this  light  it  may  be  remaikod  that  tiie.owmtial  desidemtiun  in  London  is  &  uniiomL 
]  SBd  eonstant  supply  of  water,  tolerably  pvo,  amply  sufficient  in  quantity,  sngplifld  to 
;i  erBryhoose,  and  sold,  at  a  small,  oost  to  each  houaekeeper*    Wo  do  not  want, .nor 
[  petfaaps  oould  w«^aocompli8h,.aaiy  ooni;Jete  xeD«raal  of  the  present  modes  of  obtaining 
i  water;  ftr  theaa  have  really  been  so  far  succcsbCuL  aa  to  give  us,  ev^i  at  pcasentr  a. 
j!  liig«p  aud  bettor  supply '  than,  ia  poaaeesed  by  any  other  city,  in  the  wodd.    While, 
||  tkMfiinv  ^^^  daaire  to  impnnre  onr  condition,  wa  i^ould  be  very  unjuatifia]ila.ta  tuzn 
!{ ronnd  and  repudiate  those  who  have  brought  us  thus  far;  and  it  would  be  mujck  wisor 
|i  asd  ttibr  to  aho^  the  existing  propuctnteof  watcp-con^aniBS*  that  their  tmo  interest 
lietia  eolaxging  thair  pneent^Bsonnxia,  and  inoreaaing.  Ilka  ciroulation  of  that.fluid 
;.  wiach  is  aaaaseiitiai  toJthe  heaUiLof  a.great  city  aa  the  blood  is  to  that.of  any.  individual. 
'      ha  ooBotediiigjtliiB  anbject  it  is.not  out  of  place  to  direet  ottantioa  to  tho  intaraatiag 
{'  aad  baaulifiil  SUnsttation  it  aiSdrda  of  the  mode  in  which  tbe  varioua  oonditioaa  of  our 
!'  earth  aarirt  (mcik  other,  aad  hrip  to  Bender  tho  whole  ao.perfeot,.  and  so  woU  adapted  as 
I  we  And-  it  fbr  the  support  nf.  animal  and  vogetablo  li£o.    By  a  suooession  of  con*. 
I  trivaaaei,  aot^diflonlt  to  fidlow^  w«  aee  that  a  portion  of  the  water,  which  at^motimo 
famispait  of  the  great  ocean^  where  it  holds  oartaia  salts  in  selutiaa,.  is  distilled. 
. sad aliaBrbad into  1^  atmoBphoB,  in  a pnre  state, by  the  passageof  a.  ouircntof . dry 
<aira?Grit    The  pore  water  ihu»  dasolved  in  the  atmosphere  is  carried  along  with  .^ 
;  air  to  great  distances,  reaching  at  length  the  land,  and  there,  owin^;  to  sumo,  changes, 
it  appean.in  a:viaiblB -fonn^  and  is etill  0QBV«|ned  euniMls  in  tho  farm  of  ciovd*    In-  this 
msaaflr  the  watery  rapoDxifloata  over  occtensive  diatricts,  or  reiaaina  suspended  in  mid 
sir,  untfLai  length  it  ean  nnilonger  be  supported,  when  the  {yartieles  of  vapour  ooUuct 
intftdtopay aadaink  to  tbc earth aarota. 

6£tiio  tain  thusfaUon.a  large  proportion  is  deposited  on  some  slophig  ground,  or  on- 
'  moaatam-  sides^  to  wUoh  olouds  are  readily  attraoted,  and  thence  descends  in  brooks 
aad  xiTiileta  to  join  larger  Htnmms ;  these  soen  booome  rivers,  and  thus  a  poiliun  of  tho 
:  later  ai^aih  paasaa  direody  back  into  the  oooaii.  Another  part  descends  into  the  soil, 
aad  beconsa  at  once  combined  in  regotahle  or  animal  or|;aniiiation,.not  re-appeaiiog 
to  us  iQ.the  form  of  water.  Bnt  there  is  a  third  portion,  which  has  other  duUoa^  to 
paten.  A  ooaaideraUe  quantity  of , the  rain  that  falls  sinks  gradually  into  tho  earth, 
and,  owing  to  the  peculiar  arrangement  of  the  itocks,.  and  stones,  and  olays^  it  is 
naaived.into  the  pamaaUe  strata  and  internal.  Destrvoirs  of  tho  earth,  as  iato  a  well- 
coatrivcd  aiagBEine,  and  is  there  netainod  lor  a  time,  until  at  length  it  is  given  out 
cith«  gfadnallyin  gentle  atreama.w^oh  help  tofbrtilise  the  earth,  or  poured  foith  to 
svpply  the  wants  of  man,  who,  by  thcexoraiae  of  his  ingenuity,  is  able  to  derive  profit 
fisBi  thB.aAHrirable  neaonnoBLof  natnie,.by  lautttting;  her  mothoda,  and  adapting,  tham 
tohiaparpoaes. 
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Tho  internal  structure  of  the  earth  is  thus  made  available  in  supplying  a  substance 
absolutely  necessary  to  organic  existence,  and  hardly  otherwise  obtainable.  It  requires 
very  little  consideration  to  perceive  how  essential  is  the  actual  arrangement  of  the 
mineral  ingredients  of  the  earth  to  the  fertility  of  continents,  since  by  its  means  only 
a  part  of  the  rain  that  falls  so  abundantly  on  the  flanks  of  mountain  chains  sinks  down 
beneath  tho  surface  and  re-appcars  in  the  plains. 

AECHETECrnaAL  OEOLOQT. 

Nfttuzo  of  IIateiials«~-The8e  include  a  large  number  of  natural  substances, 
which,  from  their  hardness  and  tenacity,  can  be  used  for  purposes  of  construction 
without  any  further  preparation  than  cutting  them  into  conyenient  forms. 

Of  stones,  properly  so  called,  capable  of  being  adopted  for  construction,  there 
are  two  classes,  one  including  all  those  commonly  used  in  squared  blocks  and  in  the 
solid,  often  existing  in  largo  quantity,  and  obtainable  at  moderate  cost,  but  having  no 
very  special  tendency  to  split  or  work  in  any  particular  direction ;  and  the  other, 
such  minerals  as  are  chiefly  employed  for  roofing  and  paving,  which  split  readily 
into  very  thin  portions,  as  slates,  or  are  capable  of  being  worked  into  thicker  slabs  and 
flag-stones,  having  parallel  faces. 

The  building  stones  that  are  best  adapted  for  general  use  in  any  particular  district 
are  naturally  those  that  combine  the  greatest  amount  of  durability  with  moderate  cost ; 
and  as  the  cost  of  transport  to  any  distance  must  be  a  serious  item  in  the  expense,  the 
nearest  will  be,  e<cUris  paribus^  the  best  But  the  durability,  and  therefore  the  ulti- 
mate economy  on  a  large  scale,  is  by  no  means  easy  to  determine  without  careful  and 
minute  investigation  or  long  experience ;  and  thus  a  number  of  inquiries  are  necessary 
in  reference  to  those  materials  which,  being  the  nearest  at  hand,  would  first  be  sug- 
gested for  use.  Questions  concerning  building  material  include  a  large  number  of 
geological  considerations  both  as  to  the  nature  of  the  stone,  the  mode  in  which  it  lies 
in  the  bed,  the  probable  result  of  tho  exposure  to  which  it  will  be  subject,  and  the 
probability  or  otherwise  of  sufficiently  large  quantites  being  obtainable  to  justify  the 
opening  of  a  quarry. 

▼alnable  qnalltlas  of  BnlMIng  Stones. — ^Tho  ordinary  building  stones  are 
either  freestone  or  granites ;  the  former  being  usually  bedded,  and  their  value  depend- 
ing a  good  deal  on  the  conditions  in  which  they  are  presented  for  use.  The  latter  are 
not  usually  bedded,  but  are  naturally  broken  into  tolerably  regular  forms  by  joints. 
Joints  also  eidst  in  stratified  rocks,  and'  greatly  assist  tho  quarryman.  The  points  to 
which  attention  should  chiefly  be  directed  are : — (1.)  with  regard  to  position  and  quan- 
tity— that  the  stone  be  well  and  conveniently  placed ;  abundant ;  and  accessible  both 
for  quarrying  and  removal.  (2.)  As  to  the  nature  of  the  material : — ^that  it  be  neither 
too  hard  nor  unnecessarily  heavy  ;  workable  at  moderate  oost ;  able  to  bear  a  heavy 
superincumbent  weight  without  crushing ;  and  sufficiently  durable  under  the  exposoro 
to  which  it  is  liable.  These  are  matters  independent  of  geological  age,  but  on  which 
many  results  of  geological  inquiry  throw  great  light 

The  methods  of  investigation,  usually  adopted  with  regard  to  stones  submitted  for 
inquiry,  are  not  very  numerous  or  complicated,  and  may  be  here  briefly  referred  to.  It 
must  be  remembered  that  the  cUmatal  and  atmospheric  changes  to  which  stones  are  to 
be  exposed,  introduce  by  far  the  most  numerous  and  important  causes  of  disintegration 
and  decomposition ;  and  also  that,  without  some  actual  experience  on  tho  spot,  the 
exact  effect  of  atmospheric  action  can  hardly  be  discovered.    The  material,  composition. 
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and  texture  of  a  stone,  will,  hofwever,  greatly  influence  the  nature  and  extent  of  all  destruc- 
tiye  changes  to  which  it  can  be  exposed.  When,  then,  a  stone  is  submitted  for  trial, 
the  first  things  to  be  determined  are  its  mineral  character  and  chemical  compotition^  so  far 
at  least  as  to  determine  what  are  its  chief  ingredients,  and  whether  it  contains  any  that 
are  unusually  subject  to  decomposition.  As  an  example  of  the  importance  of  this,  it 
may  be  enough  to  mention,  that  sandstones,  limestones,  and  granites  behave  in  a  manner 
totally  different  under  exactly  similar  exposure;  and  that  the  presence  even  of  an 
extremely  small  per  contage  of  some  of  the  alkalies  in  the  two  latter  is  injurious  in 
the  bluest  degree,  although  other  alkaline  bases  seem  to  hare  little  effect.  Haying 
detennined  the  nature  of  the  stone,  its  hardness  (both  in  the  quarry  and  after  exposure), 
and  its  hriUleness,  two  very  .different  things,  should  next  be  made  out  in  relation  to  some 
admitted  standard.  The  best  standard  will  generally  be  the  cost  of  working.  The  ioeight 
ia  a  quality  also  important,  and  more  easily  determinable,  and  is  usually  estimated  by 
ststing  the  ayerage  weight  per  cube  foot ;  but  it  may  also  be  taken  more  accurately 
from,  the  specific  grayity.  As,  however,  it  is  difficult  to  get  a  precisely  average  sample 
of  small  size,  the  former  is  the  more  practical  as  well  as  the  easier  method.* 

The  cohesive  power  must  next  be  settled ;  for  on  this  point  much  of  the  use  of  the 
■tone  for  large  buildings  depends.  It  is  best  ascertained  by  submitting  small  cubes  of 
the  average  quality  of  material  to  slow  pressure  under  a  Bramah's  press,  until  the 
stoiie  first  cracks  and  afterwards  crushes.  The  number  of  pounds'  pressure  on  the 
square  inch  of  surface  that  produces  this  effect  will  g^ve  some  measure  of  the  cohesive 
power ;  but  in  practice  it  will  never  be  possible  to  get  all  the  stones  equal  to  the  average, 
and  therefore  very  great  allowance  must  be  made  for  weak,  bad,  and  cracked  blocks. 
StiU  the  information  to  be  obtained  by  experiment  is  of  value,  and  may  be  trusted  in 
compering  different  qualities  of  material  for  special  purposes.  It^  must  bo  borne  in 
mind,  in  this  as  in  other  matters,  that  the  strength  of  a  construction  or  material  is  the 
strength  of  its  weakest  part 

Braid's  Uetliodr— The  absorbent  power  of  a  stone,  or  the  quantity  of  water 
absorbed  on  exposure  of  the  surface  to  water,  may  be  determined  either  with  or 
without  the  use  of  the  air-pump.  On  this  absorption  in  some  stones,  almost  the 
whdo  weathering  depends,  while  in  the  case  of  others  it  is  but  an  indifferent  guide. 
In  order  to  determine  the  real  extent  of  damage  resulting  from  absorption,  an  ingenious 
method  was  contrived  by  a  French  engineer  (Monsieur  Brard),  which  has  since  been 
frequently  employed  in  tiiis  country.  The  method  is  based  on  the  idea  that  the  expan- 
sion produced  during  the  efflorescent  crystallization  of  certain  soluble  salts  on  the 
evaporation  of  water  from  a  saturated  solution  of  such  salts  absorbed  by  the  stone,  will 
resemble  in  its  effects  the  expansion  of  the  rain  water  absorbed  when  the  material  is 
subjected  to  those  changes  of  temperature  near  the  freezing  point,  to  which  much  of 
the  destruction  of  building  matmal  in  our  climate  is  generally  owing.  To  determine 
the  durability  of  a  stone,  tiierefore,  a  block  is  taken  of  convenient  size  (two-inch  cubes 
are  die  most  convenient),  and  boiled  for  half  an  hour  in  a  saturated  solution  of  Glauber's 
salts  (sulphate  of  soda),  consisting  of  about  a  pound  of  salt  to  a  quart  of  water.  When 
tiken  out,  the  block  is  suspended  by  a  thread  over  the  vessel  in  which  it  was  boiled, 
ani  within  twenty-fours  will  be  found  covered  with  crj^stals.  As  soon  as  this  is  the 
case,  it  is  dipped  in  the  some  water  in  which  it  was  boiled,  and  the  dipping  must  bo 

•  It  is  sometimes  thought  advisable  to  compare  the  speclflc  gmrity  of  the  unbroken  stone  irith 
that  of  the  crushed  figments.  The  differenoe  is  sometimes  considerable,  and  marks  the  compact  or 
loose  state  of  aggregation  of  the  material. 
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rcpeated-flt  mtervals  us  often  bs  the  cryvtdls  appear  during  a  period  of  four  day«.  By 
C9I&  dipping  the  ])ortions  of  fitone  foreed  ^at  by  the  ciystallization  will  be  left  in  the 
liquid ;  and  at  the  eonelnsion  of  the  experiment,  all  the  'fragments  of  stone  at  the 
bottom  of  the  water  are  eoUected  and  caFefuIiy  weighed.  It  is  considered  tbat  in  tin 
tiraementioned  (four  days),  the  etone  will  have  boen  so  much  disintegrated  at  andTioar 
the  surfoce,  by  the  forcing  out  and  washing  away  of  particles  in  eonseqnence  of  tlic 
snceessiTc  crystalliaations  of  the  aalt,  as  to  enable  us  to  form  an  idea  as  to  its  nilative 
durability.  In  the  ease  of  some  limestones,  the  quantity  of  stone  lost  may  amount  to 
as  much  as  twenty  grams,  the  original  two-inoh  cube  in  its  dry  state  having  weighed 
from  ten  to  twelve  ounces.  In  other  limestones  the  loss  has  not  amounted  to  mote 
than«  tenth  of  a  grain.  The  latter  would  be  estimated  to  bo  ten  times  as  dniable 
as  the  fanner.  In  sandstones  there  is  ooeasionally  no  result;  and  probably  no  vary 
great  dependence  can  be  placed  on  the  method,  except  in  calcarcons  rocks,  or  at  least 
in  those -itrhich  owe  their  compactness  to  a  calcareous  cement. 

The  materials  met  with  and  oommonly  used  in  this  country  may  be  thus  grouped : — 
(1)  sandstone  of  various  degrees  of  fineness ;  (2)  Itmeatowi  consisting  ofoaiixmata  of 
liino  more  or  less  pure,  or  mixed  carbonates  of  lirao  and  magnesia,  the  latter  being 
designated  magnsntm  HmtsUmesi  and  (S)  granites  and  other  orystalline  rocks,  indoding 
poq»hyries  and  basalts. 

SudsUmes. — ^The  sandstones  or  grits  usually  consist  of  grains  of  sand,  or  saall 
pebUes,  cemented  together  either  by  silica,  the  salts  of  Hmo  and  magnesia,  oxide  of 
inan,  clay,  or  an  admixture  6t  two  or  more  of  these.  When  the  pebbles  are  large,  the 
atone  b  called  a  conglomerate,  or  padding  stone;  and  when  the  cement  is  hard,  and 
the -pebbles  entirely  quartRy,  the  whole  wearing  into  a  rough  surface,  or  when  there 
are  oella  or  empty  spaces  also  ensuring  a  rough  surface,  the  variety  is  useful  for  grind- 
ing, and  becomes  a  grindstone  or  miiistone.  The  finest  of  tiiaso  latter  are  obtained  from 
Torkahirc,  France,  and  America,  and  have  special  uses ;  but  they  are  different  in  no 
ossentuEil  respect  from  the  building-stones  or  flag-stones  of  which  they  foira  part. 
The  best  hard  sandstones,  splitting  freely,  and  not  used  as  grindstones,  are  groafly 
yalned  for  pavements,  and  will  be  again  alluded  to  when  describing  flags. 

The  building  materials  of  tiiis  hind  used  in  £ngland  are  numerous,  and  indnde 
some  of  great  value.  From  the  carboniferous  rocks  at  Cnigleith,  near  £dinburg^  is 
obtained  one  of  the  best  and  most  durable  stones  known.  Its  colour  is  lightish  gray ; 
ito  composition  upwards  of  96  per  cent,  silica,  with  1  per  cent,  carbonate  of  lime,  and 
a  little  carbon ;  its  cementing  medium  is  silica ;  its  weight  is  moderate,  amounting  to 
144  lbs.  per  cube  foot ;  the  quantity  obtainable  is  indefinitely  large,  and  it  can  be  got  in 
blocks  of  any  required  length  and  breadth,  up  to  ten  feet  thick.  It  is  worked  in  quar- 
ries, in  which  there  are  fifteen  acres  of  stone  laid  bare,  and  fifteen  more  known -to  esitt ; 
tike  totdl  depth  of  stone  pnyved  in  the  quarries  being  250  feet  It  takes  upwai^  of 
4000  lbs.  on  the  square  inch  to  crack,  and  nearly  8000  to  crush  a  fair  average  sample ; 
and  exposed  to  disintegration  by  Brard's  process,  only  three-fifths  of  a  grain  are  loat. 
It  has  been  greatly  used  in  Edinbuxgh  for  all  kmds  of  buildings.  In  London  it  is 
valued  for  steps  and  landings,  and  was  employed  in  the  repairs  of  Blackfiian  Bridge, 
its  coat  is  moderate.  ' 

Other  valuable  sandstones  in  England  are  obtained  from  the  millstone  grit,  also  a 
part  of  the  carboniferous  series.     Those  quarried  at  Darby  Dale,  near  Matlock,  in 
Derbyshire,  and  in  various  parts  of  the  same  county,  and  in  Yorkshire,  are  remarkably  j 
good,  and  much  used.     Samples  of  the  first-named  (Darley  Dale)  have  been  found  to 
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letiat  prasaure,  under  JBramak's  preset  to  a  xemarJkablo  estent,  not  cracking  until  tiio 
Tcigbt  amounted  to  oleyen  tons  on  the  square  incb,  and  only  crushing  at  fifteen  tone. 
fhe  ipiUitone  and  coal  g;rit8  are  partieularly  valuable  for  grindstones  and  flags. 

Some  .geod  stone  is  obtainod  from  the  new  rod  sandstone,  both  in  England  and 
Sootland-^espeeially  the  latter.  The  Storton  quarries  at  Birkenhead,  the  Mansfield 
foarrifis  in  Nottinghamshire,  and  sonu)  others,  yield  a  serviceable,  cheap,  and  good- 
looking  stone.  In  Scotland,  that  quai-ried  upon  Sir  \YilJiam  Jardine's  property,  in 
BmliiQBhiie,  the  celebrated  Com-Cockle  Muir,  is  also  of  good  and  uniform  texture, 
and  of  even  tints.  It  has  worn  well  where  tried,  and  stands  exposure  to  the  at- 
mosphere of  that  part  of  Scotland.  Spcdlings  Castle,  in  I0O8,  and  the  present  man- 
lioD  of  Jaidine  Hall,  in  1814,  were  built  of  it 4  and  the  ohisQlled  margins  of  the  pillars 
and  camices  of  the  latter,  are  still  as  sharp  as  when  first  carved.  This  stone  can  be 
fiKoithfidat  a  moderate  rate,  and  in  blocks  of  any  size. 

iEzoeUent,  hand,  jdurablc  sandstones  are  obtained  from  the  Wcalden  beds  quamed 
it  Tilgite,  in  Sussex ;  and  the  Kentish  rag  is  a  material  well  Juiown,  and  remarkable 
kt  ite  dttcahiUty  undar  the  worst  ozposnre.    This  is  from  the  beds  of  the  lower  greea- 


■^Tho  limostonos  used  as  building  material  are  chiefly  from  the 
caibonifoEDas  limestone  and  oolites,  though  the  older  rooks  come  into  local  use,  and  the 
cfaalk  has  been  employed  in  the  interior  of  some  of  our  cathedrals  for  decorative  work. 
The  oarboniferons  limestone  is  so  far  altored  by  mctamorphic  action  as  to  bear  a 
poU^oad partake  of  the  oharactcr  of  marble;  and  is,  therefore,  more  frequently  met 
with  as  an  onuunental  stone  than  for  ordinary  constructive  purposes.  The  oolites 
tbus  remain  as  the  principal  sources  of  building  stone ;  and  beiikg  abundant,  conveni- 
ently placed  for  oarna^,  eaaUy  worked,  obtainable  in  large  slabs  of  good  colour,  and 
gencraUy  ^durable,  they  .are  very  widely  en^loyed  throughout  the  middle  and  south 
of  Engbnd,  in  all  the  principal  towns,  as  well  as  in  the  metropolis.  Of  the  whole 
numbo^  the  Bath  and  Portland  oolites  arc  the  best  known,  and  those  which  are  most 
widely  emph^cd  ;  but  sovcral  others  enter  largaly  into  use.  The  Northamptonshire 
ooHtet  axe  bettor  than  those  from  Bath,  and  cheaper  than  the  Portland  stone ;  while 
the  Oxfordshire  stones,  and  those  from  adjaoent  counties,  although  extremely  conve- 
nient and  muoh  used  looally,  are  of  indifforent  quality.  The  following  are  from 
^Bglith  quarries,  sold  in  London : — ^Anston  stone ;  Bath  stone,  from  Farleigh  and 
Coonbe,  Down,  Box  and  Coraham;  and  Portland  stone,  blocks,  roach,  &c.,  from 
Waycfaft,  Westcliff,  and  Bill  quarries.  Besides  these,  there  are  the  Ketton  and  Bamack 
stoDQ^  both  admirable  in  their  way;  and  Ancastor  (Linooloshiro),  greatly  used  in  some 
of  the  fine  churchos  of  the  oast  of  England.  These  arc  all,  to  a  certain  extent,  lami- 
nated^ haviDg  been  deposited  in  beds ;  but  they  arc  so  far  changed  or  mctamorphic 
«B  to  have  assumed  a  peculiar  chamctcr,  from  which  their  name  oolUe  is  derived,  from 
tbc  Greek  oon,  an  egg,  and  liihosy  a  stone.  They  consist  more  or  less  completely  of 
XRmded  particles,  like  the  hard  roe  of  a  fish,  mixed  with  shells  and  fragments  of  shells, 
often  ciyBtaUine. 

Balh  stone  varies  a  good  deal  in  colour  and  quality  ;  it  is,  however,  usually  of  a 
wana^deam  tint,  often  streaked.  It  is  fine  grained,  and  very  soft  in  the  bed;  but 
hardeoa  when  taken  out  of  the  quarry.  On  exposure  to  the  weather  in  London  and 
daewheve  in  towns,  it  very  rapidly  injures,  in  consequence  of  the  facility  with  which  it 
absorbs  moisture  and  impurities  existing  in  the  atmosphere.  The  composition  on 
nudysisihows  about  94^  per  cent,  of  carbonate  of  lime,  with  2^  per  cent,  of  carbonate 
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of  magnesia,  and  no  silica.  It  is  capable  of  absorbing  nearly  one-third  of  its  bulk  of 
water  (2 1  gallons  to  the  cubic  foot).  It  weighs  about  1161bs.  to  the  cubic  foot.  It 
disintegrates  to  the  extent  of  ten  grains  bj  Brard's  process  (aa  already  described). 
It  can  be  obtained  in  large  blocks  to  almost  any  extent,  at  a  cost  of  not  more  than 
sixpence  per  foot,  cube,  at  the  quarry ;  and  in  cohesire  power  it  has  been  found  that 
good  specimens  bear  a  pressure  of  l,2501bs.  before  they  crack,  and  do  not  break  till 
they  are  subject  to  l,500lb3.  on  the  square  inch.  The  advantages  of  Bath  atone  are 
numerotis  and  manifest ;  but  the  objections  to  it  are  also  serious.  It  appears  rarely 
to  hare  been  subject  to  exposure  without  suffering  seTcrely ;  and  in  some  cases  the 
whole  substance  is  disintegrated. 

Portland  offers  a  remarkable  contrast  to  Bath  stone  in  many  respects,  although 
both  are  oolitic  limestones.  The  former  is  much  whiter  than  the  latter,  much  harder, 
and  much  stronger ;  but  it  is  also  heayier  and  dearer.  Its  colour  is  white,  grayish 
white,  and  whitish  brown.  It  consists  of  95*2  per  cent,  carbonate  of  lime,  and  1-2  per 
cent,  carbonate  of  magnesia.  It  weighs  1451bs.  to  the  cubic  foot.  It  disintegrates  only 
2*7  grains  under  Brard's  method ;  cracks  at  2,0001b8. ;  and  crushes  at  4,0001be.  But  its 
cost  is  yery  much  greater  than  that  of  any  kind  of  Bath  atone ;  although  for  aUbs, 
steps,  landings,  and  other  purposes  where  durability  is  important,  it  is  often 
used.  Of  other  stones,  Ketton  resembles  Bath  stone  in  composition ;  but  it  weathers 
Tery  much  less.  It  is  about  intermediate  in  weight  between  Bath  and  Portland ; 
absorbs  a  good  deal  of  water,  and  is  extremely  remarkable  for  its  high  cohesiye  power. 
Its  disintegration  is  small.  Bamack,  with  many  resemblances  to  Ketton,  is  far  leas 
durable,  as  determined  by  Brard's  process.  It  is  more  shelly  in  its  composition,  bat 
has  stood  well  in  numerous  buildings. 

Those  magnesian  limestones  which  arc  yaluable  for  building  'purposes  consist  of 
nearly  equal  parts  of  carbonate  of  lime  and  carbonate  of  magnesia,  in  a  state  of  perfect 
combination  and  of  crystalline  texture.  The  colour  is  peculiar  and  agreeable,  being 
accompanied  by  a  singular  pearly  lustre.  The  specific  gravity  is  high,  the  best 
stones  weighing  1501bs.  to  the  cubic  foot  The  cohesive  power  is  very  great,  speci- 
mens of  the  stone  cracking  at  5,000  and  crushing  at  8,0001bs.  to  the  square  inch  of 
surface.  The  price  in  London  is  moderate,  and  the  stones  of  this  kind  work  easily  and 
arc  extremely  durable.    They  are  used  for  the  exterior  of  the  palace  at  Westminster. 

Softer  stones,  and  even  chalk,  are  occasionally  employed  for  internal  work ;  but 
these  arc  too  easily  injured  to  bear  any  amount  of  atmospheric  exposure  in  our 
climate.  Besides  the  materials  commonly  adopted  for  internal  work  in  public  buildings 
there  are  impure  marbles,  both  from  the  oolite  and  Wealden  series  of  rocks,  formerly 
a  good  deal  admired  for  small  columns  in  goihic  architecture.  Of  this  kind  are  the 
Purbeck  and  Pctworth  marbles,  and  the  Forest  marble.  They  easily  injure  on  ex- 
posure, and  in  time  lose  their  polished  surface,  owing  to  the  inequalities  that  exist  in 
their  composition. 

The  foreign  building  limestones  used  in  England  are  few,  but  not  unimportant. 
The  best  known  are  the  even-grained,  cream-coloured  oolitic  stones  from  the  neigh- 
bourhood of  Caen,  in  Normandy,  formerly  much  employed  in  the  construction  of  many 
of  our  cathedrals.  These  have  always,  and  with  reason,  enjoyed  a  high  reputation, 
and  are  considered  the  best  material  for  internal  use  in  the  gothic  buildings  of  the 
present  day.  The  quarries  of  Allcmagnc  (near  Caen)  yield  a  very  good  quality  of  this 
stone. 

Granite.— Tlio  granites  used  in  building  are  obtained  from  Cornwall  and  Scot- 
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land ;  bnt  others,  of  excellent  quality,  exist  in  Wales ;  and  eren  in  LcieesteiBhirc,  in 
the  middle' of  £ngland.  Their  use  is  confined  chiefly  to  the  more  costly  constructions, 
except  in  the  immediato  vicinity  of  the  quarries,  as  the  stone  is  fkr  too  hard  to  be 
easily  chiseUod  into  conyenient  forms,  even  of  the  simpler  kinds.  For  omamcntal 
purposes,  and  buildings  richly  decorated,  it  is  rarely  that  this  material  is  largely 
employed. 

Many  of  the  granites  are,  howoyer,  so  remarkable  for  durability  that  they  are  used 
with  great  advantage  for  bridges,  docks,  piers,  and  public  monuments.  The  large 
grained  Cornish  varieties  used  in  London  Bridge;  tiie  fine  polished  columns  from 
Peterhead,  near  Aberdeen,  in  the  King's  Library,  at  the  British  Museum  ;  many  other 
interesting  and  excellent  specimens  in  England ;  and  the  noble  monuments  of  antiquity 
preserved  in  Egypt  or  transported  to  the  museums  of  Europe— all  serve  to  provo  the 
applicability  of  granito  for  certain  purposes.  The  porphyry  vases  of  Sweden  and 
Russia,  and  other  ornamental  objects  manufactured  in  this  material,  may  be  regarded 
as  proofs  of  snccessful  ingenuity  rather  than  illustrations  of  the  real  uses  of  the  stone. 

Karbles. — ^Various  kinds  of  stone  may  be  included  under  this  general  head.  True 
marble  consists  of  crystalline  carbonate  of  lime,  either  almost  pure,  in  which  case  the 
colour  is  white,  or  combined  with  oxide  of  iron  and  other  impurities,  communicating 
colour.  Other  substances  are  alabaster  (sulphate  of  lime),  serpentine  (silicate  of 
Ume  and  magnesia),  malachite  (carbonate  of  copper),  fluor  spar,  &c. 

Marble,  properly  so  called,  is  sometimes  crystallized  in  a  saccharoidal  manner, 
having  the  fracture  of  loaf-sugar,  or  foliated,  and  with  a  peculiarly  even  grain.  Such 
kinds  are  used  by  the  sculptor,  and  are  called  statuary  marbles.  They  are  found  in 
Greece  (Parian  marble),  in  Italy  (Carrara  marble),  and  occasionally  in  other  countries 
of  Europe;  but  in  smaller  quantities.  They  abound  in  some  parts  of  India.  The 
chief  source  of  the  present  supply  is  from  Carrara,  in  Tuscany. 

The  coloured  marbles  are  far  more  common,  and  are  infinitely  varied  in  tint  and 
in  the  mode  of  venation  in  which  the  colour  chiefly  appears.  They  are  also  very 
widely  distributed  in  most  countries  where  limestone  occurs,  in  association  with,  or 
near  to,  those  rocks  technically  called  igneous  or  metamorphic— in  fact,  wherever 
crystalline  forces  have  been  at  work.  Thus,  in  our  own  country,  the  marbles  of  Derby- 
shire (black,  gray,  red,  &c.)  and  of  Devonshire  are  well  known  and  belong  to  rocks  of 
the  older  (Palaeozoic)  period,  chiefly  of  the  carboniferous  scries,  and  the  rocks  imme- 
diately underlying;  the  marbles  of  Ireland  are  not  less  beautiful  and  abundant, 
though  less  known.  In  Belgium,  France  (especially  in  the  Pyrenees),  Spain,  Portugal, 
and  many  parts  of  Germany,  in  Turkey,  Egypt,  India,  China,  and  other  parts  of  the 
East,  and  in  America,  these  decorative  mineral  substances  are  widely  distributed; 
while  Italy  and  Greece  have  been  celebrated,  frt)m  the  earliest  times,  for  the  exquisite 
specimens  of  such  material  they  have  lavishly  supplied  to  their  intelligent  and  inge- 
nious populations.  The  most  celebrated  and  valuable  of  the  ancient  marbles  are  the 
I06S0  antico  (red),  ncro  antico  (black),  giallo  antico  (yellow),  and  verde  antico  (green). 
The  red  and  green  aro  not  equalled  by  any  now  in  use ;  but  the  blaok  marble  of 
Derbyshire  and  the  Sienna  marbles  rival  the  blaok  and  yellow  kinds.  There  is  also  in 
Derbyshire  a  small  quantity  of  a  very  fine  red  marble. 

Alabaster  is  widdy  distributed,  though  less  so  than  marble.  The  best  and 
most  abimdant  supplies  of  the  pure  white  varieties  aro  from  Italy,  whence,  also,  are 
obtained  some  kinds  streaked  and  tinted  with  brown,  both  much  admired.  Large  quanti- 
ties are  found  in  Derbyshire,  and  in  other  parts  of  the  middle  of  England ;   and  the 
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zL&iSJhbourhood  of  Paris  k  also  well  supplied.  Owii^  to  ils  softmeBi  and  teztmey 
alabaster  is  eaail j  cut  into  any  r<9quired  form ;  but  it  does  not  liardm  lifr  ittbeoquent 
•xpocnre,  and  can  thus  only  be  used  -where  it  is  not  aubject  to  wj[mj  by  ataioqphcric 
Gxposure.  A  sin^fular  limeatane,  hairing  a  warn  yellow  tint  and  cottidenble  tnoa- 
parcncy,  is  found  in  Egypt,  and  is  known  as  oriental  alabaster.  It  is  obtained  mlazge 
blocks,  and  greatly  valued^  It  was  much  used  by  the  ancients,  but  has  only  rsoeBfly 
bocomo  aTailable  to  modem  artists.  A  lai^  rase  of  this  mateiial,  remaxkahle  for  the 
elcganea  of  its  form  «nd  admiishle  fiKDah,  obtained  a  priss  of  the  fiist  idsss  ai  liie 
Gseat  Exhibition  of  ISdl. 

8expentin«.--iA  material  of  remarkable  beauty,  oapable  of  being  made  into  cma- 
mcot^  and  used  for  church  and  house  f  aiaiture,  &c.,  is  obtainsd  chiefly  finm  the  Lizard 
roint,  in  Cornwall.  It  is  a  silicate  of  lime  and  ma^ena,  coloured  with  iron  and 
chrome,  moderately  hard,  but-casily  worked ;  and  when  properly  selected,  and  emfdoyed 
for  purposes  for  which  it  is  adapted,  few  marbles  can  equal  it^  A  Florentine  aearpentiBc 
{opIUte)  is  much  used,  hut  possesses  litfle  of  the  richness  of  tint  of  that  £BGan  Oomwall. 
1^  Irish  Connemara  marble  is  a  variety  of  serpentirke. 

BSalachite,  a  rich  oro  of  copper,  when  found  in  abondsnoe  and  intneeas  of  smsdl 
sisG,  is  occasionally  met  with  in  large  circular  lumps  of  eoneeniricstnioture,  which,  when 
cut  into  veneers,  and  properly  joined,  fonns  one  of  the  richest  ead  most  valuable  sub- 
stoncoB  for  decorative  purposes.  It  is  almost  entirely  from  Bussia,  and  ehiefly  fmn. 
one  mine  in  Siberia,  that  the  malachite  ef  commerce  is  obtained ;  aUihough  of  late 
years,  very  good  lumps  have  been  brought  firom  the  rich  BirrrarBitRa  mines,  near 
Adelaide,  in  Western  Australia.  The  deboate  green  colour,  varied  by  bands  of 
deeper  tint,  and  the  extreme  beauty  of  the  teactai«  and  finencsB  of  gnun,  give  to  this 
material  a  character  and  appearanee  altogether  peculiar;  while  the  eostliness  of  the 
substance  enforces  the  limitation  of  its  use,  specially  for  doors,  chinmcy-picMS,  tables, 
&c.,  to  those  whose  messs  enable  them  to  exhibit  it  to  advantage.  No  one  wlio  saw 
the  goods  of  this  kind  sent  to  the  Great  Exhibition  of  1861,  can  forget  the  almost 
barbaric  magnificence  of  the  display ;  and  some  idea  may  be  formed  of  the  cost,  wbcn 
it  is  known  that  the  value  of  the  raw  material  is  nearly  one-lburllL  that  of  the  same 
weight  of  pure  silver,  while  a  large  loss  of  material,  and  great  labour,  is  neeauary  to 
obtain  tho  veneers,  and  so  apply  them  that  the  pattern  shall  be  pleasing  and  satisractory.  * 
Spass  are  occasionally  employed  for  tho  construction  of  omainental  vases  and 
other  objects  of  luxury.  Pluor  spar,  or  Blue  John  (fluate  of  Bme),  is  found  in  largo 
pieces  in  Derbyshire,  and  is  especially  esteemed  for  this  purpose.  It  is  a  beautiful 
material  of  rich  blue  colour,  and  great  transparency.  The  ocdour  is  frequently  modified 
by  a  partial  burning. 

filatesi  Slabsi  uid  FlsLgstoaMU— Slates  and  slate  slabs  are  argillaceous  rocks  in  a 
peculiar  state  of  partial  crystallisation,  possessed  of  the  property  of  cleavage,  or  splitting 
in  some  one  direction  quite  independently  of  the  original  bedding.  Oilier  slabs  and  flag- 
stones aro  usually  silicious  rock,  combined  with  more  or  less  argillaceous  or  calcareous 
matter,  and  splitting  into  tabular  masses  of  various  size  and  thickness  in  the  original 
I^anes  of  bedding  or  stratification.  The  best  slates  are  obtained  from  various  parts  of 
North  Wales,  near  the  coast ;  from  Delabole,  Tintagel,  and  elsewhere  on  the  north  coast  of 

•  Bee  Jury  Reports,  p.  569,  H  #07.  Hie  talne  of  malachite,  In  a  manufactured  state,  is  about 
three  guLnoM  per  poand  avoirdvp^ls,  and  the  sqiart  fbot  super  of  finlabed  reneered  work  oontofos 
about  two  pounds  and  a  half  of  the  mineraL 
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Oomw!Bll ;  from  rarioos  parts  of  Oumberland ;  and  from  the  west  ooc»t  of  Scotbnd, 
generally  finmiqiiarnes  ot-greai  magnitude.  The  l)eBt  slate  AalhB  are  from  Walea. 
The  finest  sUhs  and  flagstones  (not  argiHaeeous)  are  ftt)m  YorkahiTe  and  Gaithneas; 
but  some  of  the  Portland  stones  (limestones)  of  the  best  quality  aro  preferred  ftir 
JHiwal  nae,  as  for  steps  end  landings.  Excellent  foreign  slates  are  obtained  in  France, 
ciiiefljr  from  naar  Angers,  and  in  Brittany;  in  Belgium  from  the  Ardemies ;  in  western 
Geramnjr  from  the  Dndvf  of  Kassaii,  and  in  the  east  of  Europe  from  other  plaoea. 
Kates  and  slabs  are  also  found  in  America. 

It  is  not  usually  the  case  to  find  slates  and  slabs  in  good  condition  near  the  sur&ee, 
where  lofug  exposure  to  the  weather  has  usually  disintegrated,  and  even  destroyed  the 
teztnre,  and  often,  by  partial  hardening,  obliterated  or  obscured  the  cleavage.  As  it  is, 
however,  entirely  from  the  superficial  rock  and  its  geological  condition  that  a  judgment 
must  be  formed,  a  certain  amount  of  experience,  combined  with  a  knowledge  of  the 
material,  enable  the  geologist  to  judge  well  of  the  chance  of  a  valuable  quarry.  Uni. 
fomiity  of  texture  and  condition  of  the  rock  for  considerable  distances,  the  nature  and 
condition  of  the  cleavage,  the  direction  of  the  cleavage  planes,  the  nature  of  the  smaH 
vei3aj  of  other  material  pervading  the  slate  (of  which  there  are  always  many),  the 
presence  or  absence  of  iron  pyrites,  the  direction  and  magnitude  of  6ic  joints— these 
are  the  chief  points  concerning  which  careful  investigation  is  necessary.  But  any  or 
all  of  these  are  altogether  insufficient  to  communicate  a  market  value  to  a  property 
unless  the  essential  point  of  cheap  and  ready  conveyance  to  a  large  market  can  be 
secured,  and  the  quarries  arc  so  situated  that  the  waste  can  be  disposed  of,  and  the 
yahiable  part  of  the  slate  laid  bare  without  great  expense. 

There  are  varieties  of  colour,  of  texture,  and  of  hardness,  which  affect  the  value  of  < 
slates.    The  common  colours  arc  green  and  purple,  both  of  which  may  be  good.    The 
hardness  should  be  considerable,  without  interfering  ^vith  the  fissile  character  of  the 
material,  and  the  grain  should  be  fine.     If  large  slates  or  slabs  can  be  cut,  this  of  j 
course  adds  greatly  to  the  value  of  the  quarry. 

The  slate  quarries  in  various  parts  of  England,  "Wales,  and  Scotland,  are  objects  of 
great  interest,  if  only  in  a  picturesque  point  of  view ;  but  they  are  of  a  magnitude 
really  important  in  an  economic  sense.  The  Delabole  quarry,  for  example,  in  Cornwall, 
is  opened  for  some  hundred  yards  in  length,  and  has  a  width  of  upwards  of  a  hundred 
yards,  and  a  depth  nearly  as  considerable.  The  Ballahulish  quarries,  in  Scotland,  are 
worked  in  three  terraces  facing  the  west,  the  total  height  of  the  workings  being  two 
hundred  and  sixteen  feet.  The  annual  produce  of  slates  is  from  five  to  seven  millions 
of  all  sizes  (ten  thousand  tons) ;  and  the  quantity  of  waste  cannot  bo  less  than  fifiT* 
miT!io«<^  of  tons. 

But  the  great  Penrhyn  quarry,  close  to  which  arc  the  Llanbcrris  quarries,  and  others, 
arc  far  more  remarkable  and  valuable  ;  in  the  Bangor  quarry,  in  the  extreme  west  of 
Carnarvonshire,  the  band  of  slate  (or  vein,  as  it  is  locally  called)  is  considered  to 
run  twenty  miles,  with  a  breadth  of  five  hundred  yards.  "Wliere  long  exposed,  the 
sfatte  is  usually  much  harder  than  is  convenient  or  profitable  to  work,  and  the  valleys 
yield  the  best  and  most  profitable  portions.  The  one  quarry  of  Penryhn,  belonging  to  CoL 
Pennant,  has  been  opened  nearly  a  century,  and  is  worked  in  twelve  galleries  of  horse- 
shoe form,  one  above  another.  Each  gallery  is  forty  feet  high,  the  highest  being  five  hun- 
dred feet  above  the  lowest ;  but  the  uppermost  slates  are  of  inferior  quality.  Upwards  of 
itme  thousand  men  are  employed  here,  and  the  daily  make  exceeds  five  hundred  tons. 
The  other  quarries,  though  smaller  and  less  profitable,  are  of  great  value  and  importance. 
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Flagstones. — Of  the  slabs  and  flags  used  for  paving,  cisterns,  and  various  other 
purposes,  those  from  Festiniog  (North  Wales)  ore  remarkable  for  their  large  size,  even 
grain,  and  great  beauty.  Those  from  Valencia  (west  coast  of  Ireland)  are  also  extremely 
large,  and  of  excellent  quality. 

The  Yorkshire  flags  are  fljoc-grained  laminated  sandstones,  from  the  millstone  grit 
formation,  cleaving  into  slabs  of  large  size,  whose  thickness  is  from  two  or  three,  up  to 
eight  inches.  They  are  remarkable  for  their  extreme  hardness  and  toughness.  Of  tho 
beds  yielding  these  flags,  there  are  no  less  than  fifty  weU  known,  and  these  are  worked, 
in  upwards  of  a  hundred  quarries  around  the  towns  of  Leeds,  Bradford,  Wakefield, 
and  Halifax.  The  Caithness  flags  are  from  the  much  older  beds  of  the  old  red  sand- 
stone, and  are  dark  coloured  bituminous  schists,  slightly  micaceous  and  calcareous. 
They,  like  the  Yorkshire  stones,  are  valuable  from  their  great  toughness  and  durability. 
They  are  not  obtained  in  slabs  so  large  as  those  found  in  Yorkshire. 

The  limestones  of  the  carboniferous  and  even  of  the  silurian  period  yield  some 
goo4  flags;  and  a  remarkable  fissile  bed'of  the  lower  oolitic  series  is  locally  much  used 
for  slating,  under  the  name  of  Stonesfield  slate,  and  CoUey  Weston  slate.  Coarse,  easily 
splitting  limestones  are  extensively  quarried  in  Oxfordshire,  Northamptonshire,  and 
some  adjacent  counties,  and  are  of  some  value  where  slates  are  costly. 

nOAD-MAXINO  AXD  ROAD   MATEAIAL. 

This  department  of  engineering  requires  a  knowledge  of  geology  and  of  the  structure 
of  the  earth,  not  merely  in  the  selection  of  fit  material,  but  also  m  the  original  laying- 
out  of  the  line  to  be  adopted,  whether  for  ordinary  roads  or  for  rails.  In  the  former 
case,  indeed,  local  circumstances  have  usually  entered  almost  entirely  into  considera- 
tion, and  except  in  the  colonies,  and  in  India,  there  is  little  opportunity  of  exercising 
engineering  skill  in  this  department ;  but  in  all  cases  of  new  lines  being  constructed, 
especially  where  great  works  are  required,  the  possession  of  geological  skill  is  of  the 
highest  importance  to  the  engineer  as  well  as  the  contractor.  This  is  more  easily 
recognized  in  the  ease  of  heavy  cuttings  through  doubtful  material  than  in  any  other 
way ;  and  we  need  only  point  to  the  slopes  on  the  London  and  Brighton  railway  at 
New  Cross,  or  of  the  London  and  North  Western  near  the  Euston  Station,  as  illustra- 
tions of  the  influence  of  the  London  clay  on  the  cost  of  portions  of  road  at  one  time 
thought  little  likely  to  be  troublesome.  The  Box  tunnel  on  the  Great  Western  line, 
that  near  Bugby  on  the  Noith-Westem,  and  some  on  the  great  lines  in  the  manu- 
facturing districts  of  Lancashire  and  Y'orkshire,  all  afford  examples  of  the  same  kind. 

The  chief  points  in  which  a  knowledge  of  geology  is  useful  in  road-making  are, 
first,  in  the  selection  of  the  line,  which  should  have  a  naturally  sound  foundation  of 
rock,  well  drained,  and  not  liable  to  destruction  from  mere  exposure ;  secondly,  in  the 
direction  of  the  cuttings,  which  should  have  distinct  reference  to  the  dip  of  the  strata, 
as  weU  as  with  regard  to  the  slopes,  and  the  probable  cost  of  such  works ;  and  thirdly,  in 
cases  of  tunnels,,  both  as  to  the  material  to  be  cut  through  and  the  probable  intersection 
of  wet  beds.  The  first  of  these  requires  little  more  than  a  reference  to  the  superficial 
deposits  on  the  outcrops  of  the  beds,  and  will  need  little  special  information  on  the 
details  of  the  science.  The  position  of  cuttings,  as  regards  their  slopes  and  drainage, 
and  security  from  subsequent  slips,  is,  however,  more  directly  dependent  on  structure, 
and  is  more  important.  Thus  it  will  be  found,  that  where  the  cutting  is  in  the  direction 
of  the  strike  of  the  beds,  there  will  be  more  tendency  to  slip  on  one  side  than  on  the 
other,  except  where  the  stratification  is  perfectly  horizontal.    The  best  direction  for 
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a  cutting  is  at  right  angles  to  the  strike ;  hut  this  is  not  always  possihle,  and  it  is  well 
to  know  that  where  the  heds  dip,  and  some  that  arc  permcahlc  are  to  ho  cut  through, 
particular  care  should  ho  taken  to  prercnt  the  surface  drainage  from  passing  into  oi^ 
over  the  permeahle  bed  at  its  crop.  This  prevented,  the  beds  may  remain  firm  in  their 
places ;  hut,  otherwise,  they  will  sooner  or  later  slip,  and  become  very  troublesome. 

The  position  of  strata  is  often  extremely  important  in  determining  the  possihility, 
not  only  of  avoiding  slips,  but  of  timnclling  or  sinking  shafts  without  enormous  expendi- 
ture. Thus,  in  some  cases,  the  presence  of  hard  igneous  rock  is  determinable  by 
surface  phenomena  well  understood  by  geologists,  though  not  immediately  recognised 
without  a  knowledge  of  the  earth's  structure.  The  cost  of  large  operations  of  tunnelling 
13  enormously  affected  by  such  occurrences.  In  tunnelling  through  wet  strata,  there 
are  also  some  cases  where  the  position  of  the  strata  is  such  as  to  render  the  presence  of 
large  quantities  of  water  probable ;  and  sometimes  it  happens  that  such  water  can  he 
partially  or  entirely  cut  off  by  surface  operations  before  the  tunnelling  is  commenced. 
There  have  been  many  instances  in  which  extensive  tunnels  have  ruined  the  contractor 
for  the  want  of  a  little  application  of  geological  knowledge. 

The  material  for  roads  will  necessarily  depend  on  local  circumstances,  although, 
where  there  is  a  very  rapid  wear,  it  is  hardly  too  much  to  say  that  the  best  materials 
wiU  he  the  cheapest.  The  chief  quality  for  a  good  road-.stuff  is  hardness,  combined 
with  toughness,  and  a  texture  sufficiently  uneven  to  ensure  a  rough  surface  under  wear. 
There  are  certain  stones,  such  as  Penmacnmawr,  which  are  exceedingly  hard  and  of 
fine  grain,  and  have  a  certain  value  in  some  cases;  but  as  they  necessarily  wear 
smooth,  they  are  ill  adapted  for  cities  exposed  to  alternations  of  wet  and  dry,  cold  and 
heat.  (Sranites  are  for  this  much  superior,  though  less  durable ;  as,  owing  to  their 
composition,  which  includes  two  sets  of  crystals  of  different  hardness  (quartz  and 
felspar),  they  always  have  a  tendencyto  retain  a  rough  surface,  giving  foot-hold  for 
horses.  Those  basalts  which  do  not  readily  decompose  are  perhaps  equal  in  value  to 
granite.  It  may  be  said,  in  a  general  way,  that  all  stones  of  uniform  texture,  composed 
of  one  ingredient,  are  unfit  for  roads  of  the  first  class.  Thus  limestone  of  all  kinds  is 
inadmissible  on  this  ground,  even  if  it  were  not  too  soft  and  too  readily  worn  into 
dust  and  mud.  Flints,  which  from  their  hardness  would  seem  valuable,  are  really 
unadvisahle  for  want  of  some  cause  of  roughness.  It  will,  however,  bo  easily  under- 
stood,  that  for  country  roads  any  hard  material,  that  does  not  soon  work  up  into  mud 
or  g:rind  into  dust,  and  that  has  the  advantage  of  requiring  no  expensive  carriage, 
will  be  selected.  It  is  well  to  remember,  in  such  cases,  that  sandstone  is  better  than 
limestone,  and  hard  limestone  hotter  than  slate ;  while  basalts  and  granites  arc  ex- 
ceedigly  good  or  exceedingly  bad,  according  to  the  proportion  of  alkaline  earths 
(especially  soda)  which  they  contain. 

BBICK  AND   POKCELAIN   CLAT3,    CEMENTS,   AND  ABTIPICIAL  STONB. 

There  are  many  materials  used  in  construction  that  require  previous  preparation 
and  moulding,  and  sometimes  burning ;  and  are  made  to  assume  their  intended  form  by 
some  mechanical  means  distinct  from  cutting  and  squaring  in  the  quarry  and  workshop. 
The  most  important  of  these,  in  respect  to  the  extent  of  its  usefulness,  is,  beyond  all 
doabt,  common  brick  clay,  and  those  varieties  of  day  which  resist  high  heat.  Mortar, 
end  varioua  cements,  sometimes  used  to  attach  together  other  stones,  but  occasionally 
moulded  and  used  as  stone,  next  require  consideration ;  while  the  finer  clays  worked 
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b^  tbo  porcelain  manufacturer  and  potter,  if  inferior  to  these,  are  so  rather  in  tlie 
magnitudo  of  the  objects  manufactured  than  in  the  value  of  the  fabric. 

Bxick  Clay,  of  the  better  kind,  consists  of  a  tolerably  pure  silicate  of  alumina, 
combined  with  sand  in  various  proportions,  and  free  from  lime  and  other  alkaline 
ingredients,  of  which  there  ought  not  to  be  more  than  two  per  cent.  The  relative 
percentages  of  silica  and  alumina  do  not  seem  extremely  important ;  and  there  is  always 
a  variable  proportion  of  water  present,  which  is  also  of  little  consequence.  It  is  clear 
that  for  use,  the  clay  must  bq  tolerably  free  from  large  stones  and  coarse  particles ; 
and,  as  the  principal  process  of  manufacture  before  burning  consists  in  mixing  the 
day  with  water  and  sand,  or  ashes,  to  a  uniform  consistency,  anything  that  would 
interfere  with  this  process  is  injurious. 

A  certain  proportion  of  iron  is  commonly  present;  and  this,  wlien  the  brick  is 
burnt,  usually  passes  into  the  state  of  peroxide,  and  gives  the  brick  a  dark  red  colour. 
The  annual  consumption  of  bricks  is  very  large.   In  this  country  it  amounts  to  twelve  _ 
Hundred  millions,  and  the  clays  are  obtained  from  various  geological  formations. 

Fire  Clays. — ^Theso  owe  their  peculiar  properties  to  the  almost  entire  absence  of 
alkaline  earths,  and  of  any  such  quantity  of  iron  oxide  that  it  could  serve  as  a  flux. 
Many  excellent  clays  of  this  kind  are  found  in  the  coal  formation  both  in  the  British 
islands  and  abroad.  The  best  arc  those  of  Stourbridge  (Worcestershire),  some  near 
Newcastle-on-Tyne,  and  some  near  Glasgow ;  others  of  good  quality  are  obtained  in 
Belgium  and  France.  The  Stourbridge  clay  is  found  in  a  bed  about  four  feet  thick, 
and  consists,  according  to  an  old  analysis  by  Berthier,  of  G3'70  per  cent,  silica,  22*70 
alumina,  and  2  oxide  of  iron,  tho  rest  being  water.*  Ono  of  tho  clays  much  approved 
of  in  Scotland  contains  6o-20  silica,  33*41  alumina,  '32  lime,  '13  magnesia,  *49  iron 
oxide,  and  '45  of  various  phosphates.  AH  tho  fire  clays  are  greatly  improved  by  expo- 
sure to  weather  before  use.    In  some  cases  this  is  continued  for  years. 

Porcelain  Clays  are  of  various  kinds ;  but  tho  best  being  derived  from  the  decom- 
position of  the  felspathic  portion  of  granite,  consist  of  nearly  pure  silicate  of  alumina 
(silica  60,  alumina  40).  Very  large  quantities  are  obtained  in  Cornwall  and  Devon- 
ahire— nearly  ten  thousand  tons  of  the  finest,  and  about  three  times  as  much  of  the 
commoner  kinds,  being  annually  exported  to  our  own  potteries  in  the  North  Stafford* 
ahire  coal-field. 

The  manufacture  of  porcelain  and  pottery  is  an  art  that  does,  not  properly  oome 
under  consideration  in  tho  present,  treatise  ;  and  it  is  only  necessary  to  observe  here 
that  there  are  no  known  ■ources  of  supply  of  the  raw  material  of  the  better  kind, 
except  those  which  may  be  traood  to  the  decompositioB  of  granite. 

Cements. — ^Thesc  are  of  various  kinds,  extremely  distinct,  and  having  different 
bases.  The  ono  kind,  depending  for  its  peculiar  properties  on  sulphato  of  Eme, 
with  which  it  is  made,  may  bo  conveniently  designated  as  plasters  ;  the  other,  in  which 
carbonate  of  lime  is  tlic  essential  combining  substance,  includes  mortar  and  hydraulio 
limes,  and  for  this  tho  name  cement  may  bo  adopted.  "Wo  may  firet  consider  the 
Qwnents  as  boiog  the  material  of  greatest  iiaportance  in  manufactursA, 

The  commonoBt  of  all  oem«ui»  used  to  attach  brieks  to  oaeh  other  is  oaJXed  nuuinr^ 

*  Analyses  of  clays  most  nccOTsarlly  be  mere  approximations,  as  tbc  quality  of  the  day 
dimrs  much  in  different  samples,  even  irhen  oarefUIly  prepared.  It  must  aleo  be  remembered  tliat, 
till  very  reeently,  the  alkaline  eartlis  and  many  ottler  satetaBces*  were  not  detetmiiiafalt  hf  ordi* 
nary>  analy^ia,  and  fraqaantly  escaped  notice. 
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and  ig  prepwed  by  first  making  qftiekiime  (whioh  is  done  by  calcining  ebalk  or  limestone 
in  a  kiln  until  it  becomes  decomposed,  parting  witb  its  carbonic  acid  gas,  and  passing 
I  into  the  state  of  a  wbite  or  gray  powdery  materia!,  greedily  absorbing  water  with  the 
J  eveltttion  of  ranch  heat),  taid  ihen  making  a  paste  by  mixing  the  quicklime  with  suffi- 
aent  witer,  and  about  two  or  three  times  it  own  weight  of  sharp  sand  or  gravel.  This 
^  Btttore  dries  8k>wly,  bat  when  dry  becomes  extremely  hard,  and  firmly  attaches  itself 
i  to  the  foreign  substances  in  contact  with  which  it  is  placed.  When  a  layer  of  it  is 
I  placed  between  bricks  or  stone,  it  cements  them  firmly  together. 

It  is  often  dcsinibie  to  obtain  a  cement  that  shall  dry  more  rapidly  than  common 

I  nwftar,  and  under  less  faTonrabla  circumstances  for  dryness ;  and  it  b  found  that  when 

I  tt  certaia  proportion  of  clay  has  been  present,  mixed  with  the  limestone  before  burning, 

I  (whether  naturally  or  by  preparation),  and  the  calcination  is  careftilly  conducted,. and 

I  ndt  carried  too  fiir,  the  resulting  lime,  when  mixed  with  a  proper  quantity  of  water, 

1  iets  rapidly  in  a  damp  atmosphere,  and  even  under  water.    Such  a  limestone  is  found 

in  the  lias,  in  the  London  clay,  and  in  various  other  rocks ;  and  the  resulting  lime  is 

called  hijdranlie  lime  or  hydravHe  cement.     The  simplest  and  strongest  of  such  cements 

is  obtained  when  from  10  to  26  per  cent,  of  the  stone  consists  of  silicate  of  alumina, 

Mid  the  rest  is  carbonate  of  lime.    The  larger  the  proportion  of  clay  in  the  stone 

(Uteris  paribuM,  the  more  rapidly  the  cement  becomes  solid,  the  hardening  being  oom- 

plclp  in  two  or  three  days,  when  the  proportion  amounts  to  25  per  cent.,  and  taking 

fiffee  weeks  when  only  10  per  cent.    Much  depends  (especially  in  artificial  admixtures) 

on  the  nmmte  division  and  perfect  admixtoro  of  the  foreign  particles. 

The  kind  of  cement  known  asiZoman,  or  Tar  ken' »^  is  made  from  nodules  of  calcareous 
;  matter  obtained  from  the  bods  of  the  London  day  at  Shcppey  and  Harwich,  from  the 
Oxford  and  Kimmcridge  olays  near  Weymouth,  from  the  lias  of  Whitby,  and  from 
similar  deposits  elsewhere.  In  all  tSiese  cases  the  admixture  of  clay  with  ^o  car- 
bonate of  Hme  is  natural,  and  varies  considerably  in  diiferent  samples.  Xedijuty  Atkm' 
ton'ty  and  MtdgraWy  aro  names  given  to  cements  of  this  kind,  offering  no  essentiat 
fifeenoe  in  their  nature. 

Foittaad  CeflMiit  is  made  from  carbonate  of  lime,  mixed  with  great  caie,.m 
deftnxte  proportiens,  with  the  mnddy  deposits  of  rivers  running  over  day  and  chaOt. 
The  whole  of  tho  materials  arc  carefiilly  pounded  together  under  water,  and  are  after- 
wards dried  and  burnt.  From  various  experiments,  it  appears  that  when  well  ta»A% 
in  good  condition,  and  properly  used,  the  value  of  Portland  cement  is  much  greater 
than  that  of  the  natural  kinds  (Roman) ;  but  in  practice  on  a  large  scale,  different 
casks,  even  from  the  same  maker,  and  made  at  the  same  time,  vary  so  much,  that  it  is 
not  safe  to  trust  it  to  a  much  greater  strain  than  would  be  given  to  Roman.*  It  is  not 
miQsual,  in  making  use  of  these  cements  as  artificial  stones,  to  introduce  laxge  quaiiti- 
ties  of  broken  stone  and  brick,  thus  making  the  material  a  kind  of  concrete.  Portliind 
cement  is  said  to  mako  an  admirable  concrete  when  mixed  with  about  ten  or  twelve 
times  its  weight  of  broken  stones  or  pebbles.  The  name  Portland  is  given  from  the 
slight  resemblance  in  colour  shown  by  this  cement  to  the  stone  so  called.  The  cdonr 
of  Roman  cement,  on  t&e  other  hand,  is  neariy  brown,  sometimes  dark  brown. 

*  Good  Bomaa  cement  will  bear  a  strain  of  nearly  60  lbs.  to  tbe  square  incb,  but  some  specimens. 
wUl  break  with  20  Iba.    Good  Portland  appears  to  bear  more  than  t^ioe  the  strain  of  good  ] 
'  The  measorc  of  the  strtngth  is  the  weight  thfti  wilt  drag  asonder  two  hridks  or  slabs  \ 
\  togtilirr  by  Ch*  ditbreat  cements  tried. 
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Plasten. — Gypsum  or  alabaster  (sulpliate  of  lime)  when  calcined  is  not  decom- 
posed as  common  limestone  is^  by  parting  with  its  carbonic  acid,  but  simply  loses  its 
water  of  solidification.  It  is  then  reduced  to  a  white  powder ;  and  when  this  is  again 
mixed  with  water,  a  certain  portion  ib  absorbed,  a  partial  crystallization  takes  place, 
and  the  mass  becomes  once  more  solid,  though  not  so  hard  as  before.  The  powder  is 
called  Plaster  of  Paris.  When  mixed  with  thin  glue  instead  of  pure  water,  it  forms 
tlueco ;  and  both  as  common  plaster  and  stucco  it  enters  largely  into  use  for  various 
purposes. 

If^  instead  of  being  used  with  water,  plaster  of  Paris  in  fine  powder  is  thrown  into 
a  Tcssd  containing  a  saturated  solution  of  alimi,  borax,  or  sulphate  of  potash,  and  after 
soaking  for  some  time  is  taken  out,  re-baked,  once  more  reduced  to  powder,  and  then 
moistened  with  a  solution  of  alum,  instead  of  pure  water,  before  use,  a  hard  plaster  is 
obtained,  known  by  yarious  names,  but  essentially  of  the  same  nature.  This  is  now 
much  used  in  the  interior  of  houses,  and  takes  a  fine  polish.  Kemi^s  cement  is  made 
with  alimi,  Parian  with  borax,  and  Martinis  with  pearlash. 

Most  of  the  plaster  of  Paris  used  in  England  is  obtained  from  Derbyshire,  Notting- 
hamshire, and  Cumberland,  from  the  new  red  sandstone,  and  beds  of  the  oolitic  period. 
A  small  adnuxturc  of  impurity,  whether  lime  or  silica,  appears  to  be  of  no  material 
disadvantage. 

Artificial  Stones.— An  admirable  and  useful  artificial  stone  is  made  at  Ipswich, 
under  a  patent  taken  out  by  Mr.  Frederick  Ransome,  and  is  now  entering  largely  into 
use  for  filtering-slabs,  chimney-pieces,  vases,  and  decorative  architectural  work  of  all 
kinds.  It  consists  of  sand  moulded  with  a  fluid  silicate  of  potash,  and  afterwards  baked 
in  a  kiln.  The  fluid  silicate  is  obtained  by  exposing  flints  to  the  action  of  caustic 
alkali  in  a  steam  boiler  at  a  high  temperature.  The  subsequent  burning  changes  the 
fluid  silicate  into  a  glass ;  so  that  ihe  goods,  when  completed,  consist  of  nothing  more 
than  the  particles  of  sand  cemented  together  by  this  glass,  and  arc  altogether  imchange- 
able  by  ordinary  exposure  to  damp  and  frost. 

The  other  artificial  stones  in  conmion  use  are  composed  of  fire-clays  of  various 
kinds,  and  are  more  properly  called  terra  eottas.  They  all  contract  greatly  in  burning, 
and  in  this  respect  are  far  inferior  to  Ransomc's  stone,  above  described,  which,  from  its 
nature,  suffers  no  contraction,  and  scarcely  any  alteration  of  form  in  the  kiln.  The 
best  terra  cottas  (kiln  burnt)  are  made  in  France,  and  the  manufacture  has  there 
obtained  a  high  state  of  perfection.  Various  attempts  in  England  have  met  with  par- 
tial success ;  but  the  unequal  contraction  of  the  material  is  a  difficulty  rarely  sur- 
mounted.   The  best  clay  used  for  this  purpose  is  the  purest  fire-clay. 

THE  GBOLOOY  OP  MINKSAL  FUEL. 

In  treating  this  part  of  our  subject,  it  will  be  well  to  begin  with  some  account  of 
fuel  generally,  and  the  sources  of  supply  of  this  most  important  substance.  The  process 
of  combustion  being  simply  the  rapid  combination  of  certain  substances  with  oxygen, 
with  the  evolution  of  heat,  it  is  clear  that,  although  mineral  fuel  alone  is  that  com- 
monly employed  at  the  present  day  in  our  own  country  on  a  large  scale,  there  are 
numerous  substitutes  concerning  many  of  which  natural  history  has  to  deal. 

Of  all  these  substances,  wood,  peat,  and  coal  are  in  daily  use,  and  best  answer 
the  required  conditions ;  but  it  may  be  quite  as  well  to  know  that,  under  other  condi- 
tions, other  substances  altogether  different  might  be  employed.  The  greediness  with 
which  some  metals  (for  example,  potassium  and  sodium,  the  bases  of  potash  and  soda) 
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ftttnct  ozjgen  is  so  TemarkaUe,  and  the  quantitj  of  heat  evolved  so  great,  that  when 
tiirown  into  irater,  the  water  is  rapidly  decomposed,  and  these  metals  bum  with  the 
most  extraordinary  vehemence.  Other  illustrations,  haying  the  same  object,  are  not 
unfrequently  shown  by  the  chemist ;  and  it  is  certain  that  in  this  case,  as  in  many 
odiers  in  which  certain  arrangements  seem  to  us  absolutely  essential  to  the  existence 
of  life,  and  really  are  so,  as  for  as  our  experience  of  life  extends,  are  by  no  means 
necessary,  and  probably  may  not  bo  uaivcrsal.  Many  very  large  and  important  bodies 
in  the  universe  may  undoubtedly  be  so  totally  unlike  our  earth,  in  what  seems  to  us 
its  most  essential  characteristics,  that  we  must  give  up  at  once  and  for  ever  the  hope 
of » understanding  the  state  of  existence  of  organic  being  in  such  bodies,  and  must 
assume  that  the  arrangements  so  necessary  for  us,  so  varied  and  ingenious  in 
their  character,  and  so  perfectly  adapted  for  their  purpose,  form  but  one  series  out 
of  an  infinite  group  of  adaptations,  concerning  the  nature,  object,  'and  extent  of 
which  it  would  be  equally  foolish  and  impossible  to  speculate  with  the  knowledge 
we  can  hope  to  obtain  on  this  earth.  Thus  it  must  always  remain  altogether  con- 
jectuzal  in  what  way  the  sun  is  a  source  of  heat  to  the  various  planets,  satellites, 
and  comets  of  our  solar  system. 

It  will  be  understood  then,  that  for  all  the  various  occasions  on  which  fire  is 
required  on  this  earth,  a  certain  consumption  of  fuel  is  necessaiy ;  and  that,  in 
some  shape,  carbon  is  the  essential  ingredient  in  supplying  this,  as  well  as  many  of 
iho  wants  of  man.  Pure  carbon  exists  as  a  mineral  in  no  less  than  three  totally 
distinct  states ;  first  as  diamond,  crystallized,  extremely  hard,  and  in  excessively  small 
quantity ;  as  graphite  or  black  lead,  also  partly  crystallized,  but  in  a  different  way, 
very  soft,  and  moderately  abundant;  and  lastly  as  anthracite,  not  crystallized,  but 
found  in  large  or  small  masses,  and  sufficiently  abundant  to  be  a  very  useful  and  valu- 
able AieL  Mixed  with  more  or  less  hydrogen  and  a  little  ash,  this  same  elementary 
substance  appears  plentifully  distributed  in  some  limited  districts,  where  it  is  known 
under  the  general  name  of  coal ;  while  in  a  still  less  pure  state,  but  also  as  the  chief 
ingredient,  we  find  it  forming  the  essential  portion  in  tJl  vegetable  substances,  as  well 
as  in  those  accumulations  of  trees  and  moss  which  arc  known  in  various  garts  of  the 
world,  and  are  called  by  us  peat-turf,  moss,  bog,  &c.,  lignite,  and  brown  coal. 

Tlie  Stores  of  Fuel. — It  has  been  intimated  that  the  chief  sources  of  fuel  are 
cither  those  stores  of  carbon  secreted  by  the  vegetable  kingdom,  and  consisting  of  the 
woody  part  of  trees ;  those  accumulated  heaps  of  vegetable  matter  which  have  escaped 
decay  or  combustion,  and  become  bedded  in  largo  masses  in  peat  bogs ;  and  those 
greatly  altered  accumulations— still,  however,  of  vegetable  origin— which,  as  coal, 
form  in  some  places  very  extensive  and  thick  beds,  capable  of  being  extracted  with 
infinite  advantage  to  man. 

r  A  forest  of  trees,  extending  over  a  wide  tract  of  country,  is  undoubtedly  a  very 
important  and  useful  store  of  fuel.  Making  a  calculation  of  a  very  rough  kind,  it 
would  appear  that  a  square  mile  of  forest  land,  covered  by  twenty  thousand  trees,  each 
containing  on  an  average  two  cubic  yards  of  solid  fire- wood,  would  bo  equivalent  to 
about  an  acre  of  coal  six  feet  thick  (ten  thousand  tons  weight),  or  to  three  acres  of  turf 
of  the  same  thickness  (two  yards).  In  tropical  countries  there  are  many  thousands  of 
square  miles  thus  covered  with  forest ;  in  damp  temperate  climates  there  are  thousands 
of  acres  of  turf;  and  in  various  districts  are  thousands  of  acres  also  of  coal— the  thick- 
ness being  often  far  greater  than  has  been  ostimated,  even  on  an  average  of  extensive 
districts.    Now,  when  we  consider  that  a  ton  of  conl  will,  on  an  average,  evaporate 
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neoriy  fifteen  hundred  gallons  of  water,  and  tfasvt  six  gallons  of  water  craperated  in  so, 
hour  is  tfic  equivalent  to  a  horse-powor,  the  practical  bearing  of  this  way  of  regarding 
the  suhject  will  be  recognised,  and  the  resources  of  fuel  understood. 

It  is  not  in  England,  nor  even  in  the  noble  and  extensive  forest-districts  of  eentral 
or  northern  Europe,  that  wc  must  look  for  the  development  of  vegetable  life  on.  a  large 
fidtde.  In  many  places,  indeed,  such  forests  may  be  seen  as  those  we  have  estimated 
above ;  but  there  arc  other  districts — sources  of  Aiel— which  are  far  more  remarkable. 
That  region  which  occupies  the  great  rivei'-basins  of  the  Orinoco  and  the  Araason,  in 
South  America,  is  perhaps  the  most  marvellous,  and  is  well  worthy  of  notice.  It  has 
been  described  by  llumboidt  as  so  truly  impenetrable,  that  it  is  impossible  to  clear  with 
an  axe,  for  more  than  a  few  paces,  any  passage  between  trees  of  eight  or  twehre  feet  in 
diameter.  The  area  of  this  district  is  about  twelve  times  that  of  all  Oemuay. 
Throughout  there  seems  to  be  hardly  any  space  not  occupied  by  woody  vegotatioQ  ; 
for  the  inten'als  between  the  trees  are  filled  up  by  an  undergrowth  of  plants,  fonning 
a  compact  wall,  only  intcrsectcnl  by  the  rivers  and  a  few  paths  made  by  tho  lazger 
carnivorous  animals  from  tho  interior  to  the  water-side.  In  one  place  we  are  tald, 
where  the  river  had  narrowed  to  about  three  hundred  yards,  it  flowed  in  a  perfiBcfly 
straight  line,  enclosed  on  each  side  by  dense  wood.  "  The  margin  of  the  forest  presents 
at  this  part  a  singular  appearance.  In  front  of  tbe  almost  impenetmUo  wall  of  giant 
trunks  of  trees  there  rises  from  the  sandy  beach  of  the  river,  with  tiie  greatest  regit* 
larity,  a  low  hedge  only  four  feot  high,  consisting  of  small  shrubs.  Some  dender 
thorny  palms  stand  next,  and  tlic  whole  resembles  a  close  wcU-pruncd  garden  hedge, 
having  only  occasional  openings  at  considerable  distances  from  each  other,  doubdeaa 
made  by  the  larger  quadrupeds  to  gain  easy  access  to  tho  river.  "When  starded,  these 
animals  do  not  attempt  to  break  through  tho  hedgo,  but  walk  along  between  the 
river  and  the  hedge  until  they  have  reached  the  nearest  opening,  when  they  disappear 
through  it." 

It  may  interest  some  readers  to  know  the  equiv<alcnt  of  this  amount  of  vegetatian 
in  coal.  Taking  the  area  of  this  district  at  two  millions  of  square  mUes  (two-thirds 
of  that  assumed  by  HamboMi;),  and  the  average  height  of  the  vegetation  liiirty  feet» 
we  cannot  estimate  the  wholo  quantity  of  vegetable  matter  existing  at  any  ose  tioae  <m 
tbe  surfftce  at  less  thtm  thirty  millions  of  millions  of  cubic  yards  (or  tons}*  In  aetual 
fhcl,  such  as  coal,  tihis  would  probably  not  bo  available  to  the  extent  of  more  than  ese*- 
third  part— say  ten  raillions  oif  millions  of  tons  of  coal.  Now  this  may  be  regarded 
as  about  a  hundred  times  the  quantity  present  in  the  douth  Welsh  coal-field,  an  area 
of-  nearly  a  thousand  square  miles.  It  appears^  hence,  that  the  quantity  of  eosl^ 
deposited  in  a  limited  area  in  the  temperate  Eone,  not  remarkable  for  tiiick  vegetation, 
is  twenty  times  greater  than  the  whole  quantity  of  vegetation  that  could  grow  upon- 
that  space  at  one  time  under  the  most  favourable  circumstances  that  can  be  imagined 
in  tropical  climates.  It  should  be  remembered,  in  miking  such  calculations,  that 
wherever  nature  is  thus  prolific  in  providing  vast  stores  of  any  kind,  she  is  equally 
careM  to  provide  means  for  their  removal  by  various  causes  of  decay  acting  with 
a  rapidity  utterly  unknown  amongst  us.  Tho  ants  of  the  tropica  will  empty  a  tree,  in 
a  few  hours,  leaving  oidy  the  bark. 

It  is  well  to  know  something  of  tlie  vast  amount  of  vegetable  matter  in  the  trspic^ 

,  that  we  may  conjecture  the  rapidity  with  which  it  may  occasionally^  be  heaped 

together  into  masses  indestnaetible  by  ordinary  exposure ;  but  U\'ing  natnie  is  con- 

'  stantly  in  course  of  change,  and  but  a  very  tmalf  part  of  what  csdsts  at  any  one  tim 
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is  pflnQaoGnUy  retained  in  aaythiag  like  die  same  shape.  Thus  in  these  fbresta 
;  when  a  tree  dica  it  soon  becomes  a  prey  to  insects  which  devour  the  last  fragment  o£ 
i  voodj  fibre ;  and  these,  again,  ibnu  the  food  of  larger  animals.  The  carbon  thus 
I  cnten  into  new  arrangements  and  performs  a  lengthened  course,  only  at  interyala; 
'  aad  by  accident,  as  it  were,  becomes  fixed,  but  then  rarely  in  the  form  of  peat  or  coal 
I  availahlc  fi)r  fuel. 

j       The  Taluc  of  wood  is,  however,  extremely  great,  as  in  many  parts  of  the  world 

I  QO  other  fuel  can  be  obtained,  except  at  such  cost  aa  to  render  it  praoticaliy  useless. 

I  It  is  generally  estimated  that  one  pound  of  green  wood  will  evaporate  about  five 

I  pounds  of  water,  a  pound  of  dry  wood  seven  pounds,  and  a  pound  of  pure  charcoal 

fourteen  pounds.     Wood  alwajd  retains  a  certain  portion  of  water,  generally  as  much 

as  20  per  cent.,  even  when  air-dried.    It  consists  of  about  50  per  cent,  or  one-half 

cflrbon,  and  from  42  to  4o  per  cent,  oxygen,  the  rest  being  hydrogen  and  earthy 

matter,  ehiefiy  potash,  i»da,  lime,  silica,  and  iron. 

Wood  is  cither  used  in  a  natiu:al  or  partially  dried  state,  in  which  case  there  is  con- 
siderable loss  from  the  quantity  of  water  actually  present  and  the  additional  quantity 
produced  by  the  hydrogen  and  oxygen  during  combustion,  or  else  in  a  charred  state; 
the  volatile  and  combustible  ingredients  being  driven  off  by  burning  in  a  close  vessel 
or  chamber.  By  burning  in  partially  opon  heaps,  from  14  to  16  per  cent,  of  charcoal 
is  obtained  from  green  wood,  but,  when  charred  in  close  ovens  or  retorts,  upwards  of  26 
per  cent  can  bo  produced.  The  advantage  of  the  latter  process  wiU  appear  by  comr 
paring  these  results  with  the  relative  values  of  the  difierent  fuels,  as  given  above. 
Thus  100  lbs.  of  green  wood  evaporate  500  lbs.  of  water.  Bcduced  to  charcoal  by  the 
heating  in  ovens,  the  quantity  of  fucl^would  be  reduced  to  25  lbs. ;  but  the  water  eva- 
porated would  be  fourteen  times  this  quantity,  or  350  lbs.  It  is  evident  that  the  reduc* 
tion  to  charcoal  involvos  a  certain  loss  of  fuel  in  all  cases  ;  but,  on  the  other  hand,  a 
Qonsidezablo  advantage  is  gained  for  many  purposes,  owing  to  the  increasod  value  of 
the  fuel  and  diminished  cost  of  transport  *,  since  about  36  lbs.  of  charcoal,  once  made, 
aic  capable  of  evaporating  as  much  water  as  100  lbs.  of  wood,  while  they  do  not  occupy 
Qoe-thiid  of  the  space.  The  cost  of  transport  is  thus  much  less  considerable,  and  the 
advantage  of  reducing  the  wood  to  charcoal  is  easily  seen.  Of  common  woods,  oak 
I  and  pine  are  the  most  valuable. 

I       The  time  required  for  the  full  growth  of  forest  wood  for  fuel  varies  natnraUy  in 

different  elimates,  and  according  to  the  prevalent  species  of  trees.    Kot  more  than  two 

per  cent  of  the  actual  quantity  of  well-grown  wood  existing  at  a  given  time,  in  a 

given  space,  can  be  regarded  as  annually  available.     Host  ports  of  the  world,  however, 

vUl  be  found  to  possess  a  large  quantity  of  timber  within  a  reasonable  diaiUmce,  until 

i  dvilization  has  so  for  advanced  as  to  limit  the  range  of  forest  land,  and  check  the 

I  natural  increase.    After  this,  the  only  fit  souroe  of  fuel  is  either  from  peat-bogs  or 

i  fami  the  mineral  kingdom,,  in  aomo  shape  or  other. 

I       The  simplest  and  least  altered  vegetation,  embedded  in  aeoumulatcd  masses  within 

*  the  earth  or  lying  on  its  surface,  is  that  found  in  low  and  damp  situations,  where 

J  vatcr  is  easily  retained  at  the  surface  for  want  of  natural  drainage,  where  aquatio 

or  marsh  plants  abound,  and  where  trees  arc  occasionally  bniicd  in  rapidly-growing 

D(^.     Suoh.  masses  are  called 

Peat,  ox  TuzC-boss^ — ^Near  the  sorface  the  layers  of  vegetable  matter  {turf)  are 
JBBDeraUy-  light,  spongy,  and  manifestly  of  vegetable  origin*  Deeper  in  the  bed  the 
texture  is  more  compaet,  the  colour  darker,  the  vegetable  character  scarcely,  if  at  all 
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recognizable,  and  the  ash  in  larger  proportion.  Under  Uua  form,  and  under  the  name 
peaty  the  weight  of  the  cubic  foot  is  nearly  double  that  of  turf,  but  the  quality  is  not 
improved.  The  ash  which  remains  after  burning  raries  from  15  to  30  per  cent.,  and 
there  is  generally  a  large  proportion  of  water  present,  eren  when  the  peat  haa  been 
well  air-dried,  so  that  the  heating  power  does  not  exceed  two-fifths  that  of  cool 
After  deducting  the  ash  and  coal,  there  stUl  remains  less  than  60  per  cent,  of  carbon 
in  ordinary  peat,  the  rest  bcing'oxygen,  nitrogen,  and  hydrogen  gases. 

In  some  countries,  and  within  certain  limits  of  climate,  the  growth  of  peat  bogs  is 
extremely  rapid,  and  the  extent  of  surface  thus  covered  enormously  great.  But  these 
limits  arc  well  marked ;  and  although  within  their  range  the  quantity  of  fuel  thus  ob- 
tainable is  extremely  large,  its  quality  is  somewhat  inferior,  and  the  cost  of  transit, 
even  to  very  short  distances,  renders  it  scarcely  possible  to  use  it  extensively.  Various 
methods  have  been  tried,  from  time  to  time,  to  dry  and  compress  the  peat,  lo  render  it 
compact  and  more  combustible  by  soaking  with  tar,  and  to  render  it  more  available  by 
charring.  The  success  of  such  methods  is  at  present  imperfect.  Most  of  the  com- 
pressed peats  still  contain  too  large  a  per  centage  of  ash  and  water,  and  the  charcoal  is 
of  too  loose  a  texture,  and  too  bulky,  to  answer  the  requirements  of  a  first-rate  fuel. 
But  the  charcoal,  although  too  light  for  fuel,  except  when  the  turf  has  first  been  com- 
pressed, is  very  valuable  in  the  manufacture  of  gunpowder,  for  various  sanitaiy  pur- 
poses, and  for  manure,  while  the  products  obtained  in  its  formation  (when  the  chfuring 
is  performed  in  a  close  vessel),  are  of  considerable  value.  The  finest  peat-cokes  arc 
generally  obtained  from  tlio  light  open  turfs  obtained  from  near  the  surface  of  a  bog. 

Ireland,  Holland,  and  some  parts  of  Germany,  arc  remarkable  for  the  large  extent 
of  surface  at  the  present  time  occupied  by  bog.  In  the  former  country  nearly  one- 
seventh  of  the  whole  island  is  thus  covered,  and  the  depth  varies  from  a  few  feet  to 
thirteen  or  fourteen  yards,  being  much  greater  even  than  that  in  particular  spots.  In 
various  other  parts  of  Europe  vast  deposits  of  similar  kinds  occur,  and  the  economical 
employment  of  peat  fuel  is  a  matter  whose  importance  it  would  be  impossible  to  exag- 
gerate. The  turf,  as  usually  obtained,  yields  nearly  75  per  cent,  of  volatile  matter, 
and  from  2  to  10  per  cent,  of  ash  ;  although  sometimes  much  more.  Tho  qualities  I 
vary  extremely  in  different  bogs,  and  would  probably  require  different  treatment  to 
render  them  economically  available.  From  some  recent  experiments,  by  Sir  R.  Kane, 
it  seems  likely  that,  in  particular  cases,  the  value  of  the  products  is  so  considerable  as 
to  justify  an  elaborate,  and  even  costly,  mode  of  treatment,  at  least  in  the  way  of 
experiment. 

Lignite.— In  many  parts  of  Europe,  and  even  in  the  British  Islands,  there  are  found 
large  accumulations  of  partly  altered  vegetable  matter,  known  sometimes  as  UgniU,  and 
sometimes  called  brourn-eoal.  This  substance  is  hard,  compact,  and  comparatively  heavy; 
and  often  retains  its  woody  texture,  although  some  portions,  almost  crystalline,  and  of  a 
fine  black  colour,  form  an  impure  variety  of  jet.  Jet  itself  is  found  under  somewhat 
similar  circumstances.  On  being  heated,  lignite  often  bums  with  difficulty  and  with  a 
disagreeable  odour,  and  is  found  to  contain  some  water  and  a  good  deal  of  ash.  The 
.  available  proportion  of  carbon  varies  from  50  to  70  per  cent. ;  but  this  cannot  rcadilj 
be  obtained  in  a  convenient  state  by  charring,  owing  to  the  mechanical  state  of  the 
carbon  in  the  mineral,  and  the  volatile  products  are  rarely  separated  with  advantage. 

The  chief  deposits  of  lignite  arc  met  with  in  central  Europe,  in  or  near  the 
basins  of  the  principal  rivers.  In  some  cases  their  mass  is  enormously  great ;  but  in 
linear  extent  they  are  nowhere  so  considerable  as  the  peat  bogs,  and  are  equally  unlike 
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the  regular  coal  bands.  But  little  use  has  hitherto  been  made  of  these  beds  on  a  large 
scale  and  for  manufitcturing  purposes;  althoiigh  for  household  fuel  they  have,  for  somo 
years,  entered  into  ordinary  consumption  in  Styria,  and  in  the  Duchy  of  Nassau. 
They  have  been  employed  in  England  for  pottery  works,  but  are  of  little  importance. 

Coal  is,  at  present,  the  only  really  valuable  and  ayailable  source  of  fuel  on  a  largo 
scale,  for  important  and  extcnsiTe  operations.  It  is  far  superior  to  wood  as  a  com- 
bustible, being  nearly  equal  in  this  respect  to  pure  charcoal.  The  finer  kinds  contain 
bot  little  ash.  Some  varieties  are  valuable  for  their  volatile  products,  yielding  large 
quantities  of  gas  for  lighting,  and  much  tar,  besides  various  useful  substances ;  others 
consist  of  almost  pure  carbon ;  while  others,  again,  contain  such  an  admixture  of  volatile 
and  inflammable  ingredients  that  the  coal  readily  takes  fire,  burning  with  much  heat  and 
great  steadiness.  A  hundred  pounds  weight  of  coal  occupying,  when  solid,  about  one 
and  a  half  cubic  feet,  wUl  evaporate,  when  perfectly  consumed,  as  much  as  l,200lbs. 
of  water  from  the  boiling  point.  The  same  volume  of  oak  charcoal  would  weigh  leas 
than  121bs.,  and  only  evaporate  about  loOlbs.  of  water.  The  same  volume  of  solid 
wood,  well  dried,  would  weigh  about  4dlbs.,  and  evaporate  2701bs.  of  water.  The  same 
volume  of  light  turf  would  weigh  about  301bs.,  and  evaporate  340  lbs.  of  water;  while 
this  quantity  of  good  lignite,  Uiough  weighing  as  much  as  llOlbs.,  would  still  only 
evaporate  SOOlbs.  of  water.  This  mode  of  estimating  by  space  is  of  the  most  practical 
kind,  as  the  cost  of  transport  depends  on  the  facility  of  packing  a  large  quantity  on  a 
truck  or  in  the  hold  of  a  vessel ;  and  the  value  of  coal  is  thus  seen  to  be  very  considerably 
greater  than  that  of  any  other  fuel,  the  original  cost  of  obtaining  being  assumed  as 
pqual.*  Practically  also  it  is  found  that  where  it  exists  in  thick  beds,  the  working 
expenses  in  getting  coal  are  smaller  than  for  other  fuels. 

Although  coal  is  very  widely  spread  over  the  earth,  and  exists  in  some  districts  in 
cnonnoas  quantities,  thcso  are  still  so  limited,  and  their  value  depends  so  much  on 
geographical  position,  that  the  actual  use  of  the  mineral,  as  a  fuel,  is  greatly  limited. 
The  several  well-known  coal-bearing  districts  in  our  ovm  islands  need  only  be  referred 
to  generally  as  among  the  most  valuable  in  the  world  for  position,  available  quantity, 
and  excellence.  On  the  east  side  of  England  we  have  the  great  Northumberland  and 
Dm-ham  cool  field,  with  half  a  million  of  acres  of  workable  coal,  approachable  in 
various  places  along  an  extensive  coast  line  with  several  good  ports,  admitting  of  the 
best  and  cheapest  transport.  In  South  Wales  there  exists  a  yet  larger  area,  in  which 
thirker  and  equally  valuable  beds  can  be  worked  ;  and  there,  also,  the  coast  presents 
a  number  of  convenient  ports  from  which  the  coal  can  be  shipped.  In  the  interior,  a 
vast  tract  in  Yorkshire,  Lancashire,  Derbyshire,  Staffordshire,  and  Shropshire,  larger 
in  extent  than  the  other  two  districts  together,  is  not  only  adapted  to  supply  the 
interior  of  England,  but,  by  means  of  railroads,  competes  successfully  in  the  metropolis 
even  with  the  better  coal  conveyed  by  sea  from  the  north.  In  Scotland,  the  valley  of 
the  Clyde  is  equally  rich,  and  scarcely  less  imx)ortant ;  while  in  Ireland  each  province 
possesses  coal  areas,  which  are,  indeed,  now  but  little  worked,  but  which  may  hcre- 
*fter  prove  of  great  value.  On  the  continent,  Belgium  is  especially  rich ;  France  and 
(Germany  possess  stores  of  mineral  fuel,  the  former  especially,  of  considerable  extent, 
though  placed  far  in  the  interior  ;  Spain  has  large  and  excellent  beds,  those  in  the 


•  The  form  and  Ate  of  the  separate  fmpnenta  or  blocks  In  wb!ehthe  fticl  can  be  obtained  mani- 
tffXiy  affoets  this  calculation.  Those  fuels  that  pock  most  closely  thus  possess  an  advantage  tvhich 
ntuct  be  taken  into  considerdition. 
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Attniiat  not  nnfinrmmUy  plaoed  lor  pnHiife  aaa ;  vhile  Eoisia.  i»  prorldtd  witliihls» 
ia  mi£!&m  to  her  many  other  sources  of  wealth.  In  TniMo  fMii  ^  Au  the 
existence  of  oool  is  well  known;  but  the  details  aie  not  jet  sufficiently  veportai  -to 
enaUo  us  to  judge  as  to  the  extent  of  resources  of  this  kind  acteally  to  be  dependod 
on.  Sereral  remarkable  and  important  coal  fields  are  known  in  India,  and  within  a 
very  abort  period  the  stoieB  of  this  mineral  on  the  shores  of  the  Black  Sea  ore  likely  to 
oome  into  active  use. 

Bich  and  favoured  as  England  and  the  old  world  Imve  proved  to  be  ia  miniwl 
fuel,  Korih  Amerioa  is  far  richer,  and  its  future  promisee  yet  grander  xeeulta. 
Making  a  liberal  deduction  for  unproductive  portions  of  the  fields,  we  cannot  cstinsate 
the  area  of  available  coal  as  less  than  twenty-five  millions. of  acres  in  the  United 
States,  and  ten  millions  elsewhere.  If^  however,  we  assume,  as  a  very  rou^  approx- 
imation, that  there  are  in  all  fifty  millions  of  acres  of  coal-bearing  beds  on  the  earth's 
surface,  and  that  their  average  thinkness  is  ten  yards,  and  if  we  take  the  present  can> 
sumption  throughout  the  world  at  fifty  millions  of  tons  per  annum,  it  will  appear,  firom 
a  very  simple  calculation,  that  there  exists  a  supply  at  least  equivalent  to  the  oo&- 
sumption  of  fifty  thousand  years  at  the  present  rate.  We  need  hardly  trouhlo  ourselTeB 
at  present,  therefore,  with  any  alarm  for  the  future,  even  if  many  new  uses  and  appli- 
cations of  fuel  should  be  discovered,  without  the  corresponding  discovery  of  new 
sources  of  fiicL 

Like  wood,  peat,  and  lignite,  coal  usually  contains  a  certain  proportion  of  inflam- 
mable and  bituminous  ingredients,  which  it  is  sometimes  desirable  to  remove  before 
using  the  fuel.  For  this  purpose  the  coal  is  burnt  into  coke,  either  in  heaps,  or  more 
usually  in  ovens  constructed  for  the  purpose,  each  holding  about  two  tons  of  coaL  The 
result  is  a  very  hard  brittle  mass,  very  dense,  and  of  a  steel  gray  colour.  A  quantity 
varying  from  10  to  as  much  as  60  per  cent,  of  the  weight  of  coal  is  lost  by  ooking ;  and 
the  value  of  coke  as  fuel  is  about  one-fifth  greater  than  that  of  an  equal  weight  of 
the  coal  from  which  it  was  made. 

Having  now  passed  in  review  the  various  kinds  of  fuel  used  for  ordinary  heating 
purposes,  and  having  seen  that  of  all  these  coal  is  the  most  valuable,  and  the  beat 
adapted  for  general  use,  wc  shall  find  it  interesting  to  consider  more  doscly  Ihe  exact 
nature  of  this  substance,  and  the  circumstances  under  which  it  appears  to  have  been 
formed.    Presented,  as  we  know,  amongst  the  earths,  and  days,  and  stones  that  make 
up  the  external  film  or  crust  of  the  earth,  formed  manifestly  under  very  similar  cir^ 
cumstancea,  and  in  association  with  water,  proved  both  by  its  own  texture  and  atmo- 
ture,  and  by  the  firequent  presence  of  leaves  and  trunks  of  trees,  to  be  very  doeely 
connected  with  the  vegetable  kingdom,  there  now  remains  no  doubt,  in  the  minds  oi 
observers,  that  this  mineral  fuel  is  nothing  more  than  a  modification  of  what  is  still  so 
abundant,  and  so  rapidly  multiplied— the  pleasant  green  covering  of  the  earth,  the 
herbs  of  the  field,  the  trees  of  the  forest,  or  the  rank,  luxuriant  growth  of  the  swamp. 
It  is  to  these,  and  these  only,  that  we  owe  the  stores  of  brilliant  black  stone  whidi 
are  more  valuable  for  England  than  many  Califomias  or  Australias.    To  these  we  are 
indebted  for  the  moans  of  rendering  available  our  ores  of  iron,  our  copper  and  lead 
ores,  and  our  position  for  trade  and  manufactures  of  aU  kinds,  which  together  tie  the 
sources  of  our  national  greatness  ;  and  therefore  it  is  well  to  go  back  a  little,  to  seek 
out  the  history  of  the  tiibes  of  plants  that  once  grew  in  these  latitudes,  whose  remains 
have  been  handed  down  from  generation  to  generation,  and  which  still  exist,  to  help 
us  to  the  solution  of  some  of  the  Tpost  singular  and  diffictdt  problems  in  natural  history.   | 
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Snaething  has  been  Already  said  on  this  subjact  (see  p.  86)^  but  soma  fuitber  remarks 
faggwt  thcmielres. 

Of  all  the  plants  which  clothed  and  decoratad  onr  land  at  the  tima  of  tha  dt^osit  of 
these  large  accumulations,  since  oonvected  into  coal,  only  a  Tory  fair  species  saemio 
iiafe  besn  retail^  in  audi  ibrm  as  to  admit  of  their  being  now  mode  out  satisfactDrily. 
At  letst,  we  are  boond  to  assume  this  from  the  limits  within  which  tibo  Torious  spa- 
eimens  are  confined,  including  as  they  do  only  the  leaves  (fronds)  of  lems^  in  a  very 
imperfect  and  mutilated  state ;  detached  trunks  and  xoots,  in  which  it  is  doubtful 
whsther  we  leally  aoc  the  czlerBal  suifaoe  or  not ;  a  few  cones  and  nuts,  and  still 
kmttt  fragments  of  flowers  and  fructification.  Interesting,  and  occasionally  rery 
besatifiil,  as  tiiese  are,  they  are  singularly  unaatisfactory  in  bringing  us  to  conclusions 
ocneaming  the  climate  and  other  conditions  that  preyailed  in  diifcrcnt  ports  of  the 
irorld;  but  they  are  all  wa  have  to  depend  on,  and  wo  must  endeavour  to  make  out  as 
many  points  as  possible  on  which  wo  may  be  satisfied. 

Ihe  fens  and  allied  plants  appear  to  have  been  infinitely  more  abundant  in  the 
ibnoation  of  coal  than  any  other  tribe ;  and  it  would  seem  that  these  plants  wero  at  one 
tima  distributed  over  the  northern  hcmisphore  within  wide  ranges  of  latitude,  to  an 
tttant,  and  with  a  degree  of  uniformity,  to  which  there  is  now  no  parallcL  In  some 
reapects  this  is  indeed  the  case  in  the  southern  hemisphere,  since  in  a  ^ew  islands, 
Miieeially  Van  Dicman's  Land  and  New  Zealand,  the  ferns  are  extremely  plentiful, 
choking  plants  of  larger  ^growth,  and  admitting  no  under^growth  of  smaller  species. 
The  cUmate  in  such  cases  is  temperato,  equable,  and  damp,  and  the  variety  of  species, 
both  of  foins  and  flowering  plants  (especially  the  latter)  extremely  small.  Many  of  the 
ferns  found  fossil  were  very  closely  allied  to  those  now  living ;  but  while  the  total 
namber  of  species  met  with  in  the  British  Islands  is  now  only  about  fifty,  tho  com- 
paiativdy  small  areas  worked  for  coal  have  already  laid  open  for  investigation  more 
than  three  times  that  number.  Judging  from  what  we  know  of  the  present  habits  of 
similar  plants,  there  is  no  reason  to  conclude  that  any  other  change  of  dimato  is  thus 
indicated  than  would  be  produced  by  a  different  arrangement  of  the  land  and  water. 

"  A  climate  warmer  than  ours  now  is  *  would  probably  be  indicated  by  the  presence  of 
an  increased  number  of  flowering  plants,  which  would  doubtless  have  been  fossilized 
with  the  ferns ;  whilst  a  lower  temperature,  equal  to  the  mean  of  the  seasons  now 
prerailing,  would  assimilate  our  climate  to  that  of  such  cooler  climates  as  are  charac- 
terised by  a  disproportionate  amount  of  ferns.  This,  then,  is  an  argument  unfavom*- 
ahle  to  the  theory  of  central  heat  having  warmed  the  surface,  or  of  the  direction  of  the 
poles  being  so  altered,  as  to  have  exposed  Great  Britain  to  a  tropical  climate." 

Among  the  more  important  of  the  coal  plants,  forming  a  very  marked  feature  in 
ahnost  every  coal  field,  appearing  in  all  tho  beds  near  coal,  and  distributed  from.  Spain 
to  Scotland,  and  frx>m  Eastern  Buasia  to  the  Alleghany  mountains,  arc  those  singular 
tnmks  of  troes  known  to  fossil-collectors  and  naturalists  under  the  name  of  SiffillaHa. 
Upwards  of  sixty  species  have  been  described,  but  tho  definitions  are  very  imperfect ; 
Kod  these  fossils  are  but  too  well  known  to  miners  under  various  names,  such  as 
'* bottoms"  and  "  bell-moulds,"  which  are  stumx>s,  often  only  a  few  feet  high,  but  many 
yazds  in  circumference  at  the  expanded  base,  harder  than  the  shale?  in  which  they  occur, 
ad  when  loosened  from  below,  readily  falling,  imless  propped,  and  often  thus  tho  cause 
of  serious  accidents.  Besides  these  stems  or  stools,  innumerable  rootlets,  often  traceable 
taa  them,  permeate  in  every  direction  most  of  the  fine  pure  days,  underlying  coal  in 
•  Dr.  Hooker.    Memoirs  of  Geological  Survey,  ro\.  ii.,  p.  40*. 
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some  of  tho  piincipal  coal-fields.  These  rootlets,  however,  and  the  huge  rounded 
masses  with  which  they  are  connected,  as  well  as  larger  roots,  which  also  abound,  are 
usually  called  Stigmarim  (see  figure  page  83) ;  although  it  is  now  pretty  certain  that 
the  so-called  Stigmaria  is  really  the  root  of  Sigillaria. 

It  seems  clear  that  the  SigillariiB  were  trees  of  brittle  and  open  tissue,  easily  pressed 
flat,  CYcn  by  their  own  weight,  after  decay.  They  had  cylindrical,  straight,  and  some. 
times  lofty  trunks,  growing  probably  like  palms,  with  great  rapidity,  and  assuming 
from  the  first  their  AiU  dimensions  in  diameter,  but  leaving  broad  deep  scars  by  the 
foiling  off  of  Icaycs,  which  may  possibly  have  been  like  those  of  the  zamia,  and  not 
unlike  some  ferns  in  appearance.  It  is  dear  that  a  slender  column,  rarely  two  inches 
in  diameter,  passed  obliquely  through  the  trunk,  and  that  the  roots  were  of  compara- 
tiycly  large  size,  and  extended  horizontally,  radiating  like  the  spokes  of  a  wheel. 
Nothing  is  positively  known  of  the  foliage  of  this  tree,  although,  as  stated  above,  it  is 
conjectured  to  have  been  fern  or  zamia-like. 

Not  far  removed  from  the  Sigillaria  was  the  tree  called  Lepidodcndron  (see  page  88), 
of  which  about  forty  species  are  described,  and  of  whose  trunk,  branches,  leaves,  and 
cones  a  very  satisfactory  knowledge  has  been  obtained,  although  the  roots  have  not 
been  identified.  The  name  is  given  from  tho  scaly  appearance  of  the  trunk  loft  by 
decayed  leaves.  The  tree  diminished  gradually  in  [size  towards  the  top,  and  branched 
at  an  acute  angle ;  the  number  of  branches  being  sometimes  fifteen  or  twenty.  These 
branches  were  covered  with  simple  longish  leaves,  spirally  arranged  round  the  stem  or 
twig.  They  are  supposed  to  have  resembled  the  club-mosses,  some  of  which  grow  to 
rather  considerable  size  in  New  Zealand,  although  in  no  case  do  they  now  approach 
the  condition  of  a  tree. 

The  only  other  very  common  and  characteristic  plant  of  tibe  coal  measures  is  that 
known  as  the  Calamite  (figure  page  83),  and  generally  described  as  representing,  in  a 
gigantic  and  exaggerated  form,  the  common  mare's-tail  {EquUetum)  of  our  marshes. 
In  form,  growth,  and  some  conditions,  there  appears  much  similarity ;  but  there  are 
also  some  essential  points  of  difference.  Calamites  abound  in  some  bods  near  the  coal ; 
and,  like  stems  of  Sigillaria,  they  are  generally  flattened  and  horizontal,  though  they 
have  Also  been  found  vertical  and  in  groups. 

The  changes  that  have  reduced  vegetable  matter,  as  seen  in  the  fields  and  forests, 
to  the  state  of  coal,  were  manifestly  very  peculiar  and  local ;  for  there  is  no  reason  to 
doubt  that  most  parts  of  the  earth  have  from  the  earliest  time  been  clothed  with  vege- 
tation, while  true  coal  exists  only  in  comparatively  few  districts,  and  is  almost  limited 
to  a  single  one  of  those  numerous  periods  described  by  geologists,  each  marked  by  the 
deposit  of  important  mineral  accumulations  and  distinct  groups  of  fossils.  The  nature 
of  the  change  is  still  obscure  ;  for  in  many  cases  there  is  little  evidence  to  show  what 
was  the  vegetation  of  which  the  coal  was  really  made  up,  although  quite  enough 
to  satisfy  us  of  the  prevalent  plants  and  trees  capable  of  leaving  behind  trunks  and 
leaves  for  examination. 

Now  it  is  clear  that  the  mass  of  vegetable  matter  forming  coal  must  either  have 
grown  whcro  we  find  it,  or  must  have  been  transported  thither  and  accumulated  by  the 
action  of  water.  If  it  grew  on  the  spot,  it  might  either  have  been  in  tho  way  of  moss 
forming  peat  bogs,  or  a  continued  accumulation  of  leaves  and  trees,  there  being,  in 
either  case,  a  possibility  of  the  deposit  being  continued  till  it  had  attained  a  vast  thick- 
ness, judging  from  tlic  nearest  parallel  instances  at  the  present  day.  If  it  were  drifted, 
it  may  cither  have  been  so  by  rivors  or  marine  current*. 
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The  balance  of  evidence  with  regard  to  these  two  possible  causes  may  certainly  be 
regarded  as  in  favour  of  an  accumulation  on  low,  flat,  marshy  land,  constantly  exposed 
to  the  intrusion  of  large  quantities  of  mud  or  sand,  brought  by  marine  currents  from 
some  moderate  distance,  and  constantly  exposed  also  to  slow  depressions  of  the  land, 
similar  to  those  now  taking  place  from  time  to  time  in  Italy  and  the  Mediterranean, 
on  the  west  coast  of  South  America,  and  in  other  yolcanic  countries. 

The  coal  exists  in  beds  varying  in  thickness  from  the  tenth  of  an  inch  to  a  hundred 
feet  or  more.*  These  usually  repose  on  fine  clay,  which  is  penetrated  in  every 
direction  by  the  roots  of  plants,  and  shows  no  mark  of  the  conveying  current  being 
strong  enough  to  carry  along  trunks  of  trees.  On  the  olher  hand,  the  beds  above  coalt 
if  sandy,  often  exhibit  proofs  of  such  power  in  Ihe  broken  state  of  the  leaves  and 
twigs,  and  the  prostrate  trunks  lying  in  every  direction.  Not  unfrequently  the  coal 
has  been  found  very  intimately  connected  with  its  underlying  bed  or  floor,  showing  the 
relation  that  might  be  expected  between  a  mass  of  miscellaneous  vegetation  and  the 
ground  on  which  it  has  grown.  The  main  difficulty  to  be  explained,  in  taking  this 
view  of  the  origin  of  coal,  is  the  very  frequent  depression  that  must  have  occurred,  and 
the  immediate  or  rapid  reproduction  of  land  in  a  state  to  bear  a  similar  growth  of  trees 
and  plants  to  be  again  destroyed.  It  should  be  mentioned,  indeed,  that  in  thick  seams 
there  is  rarely  any  continuous  true  coal  of  good  quality  without  intermediate  clayey 
or  sandy  bands,  often  black,  and  sometimes  capable  of  being  burnt,  but  altogedier 
distinct  from  the  coal  itself.  That  many  depressions  do  take  place  in  volcanic  districts, 
with  alternations  of  repose,  and  even  of  elevation,  is  now  well  known  from  actual  obser- 
vation and  measurement ;  and  that  a  long  period  of  time  was  required  for  the  formation 
oven  of  a  single  bed  of  coal  of  only  moderate  thickness  is  equally  certain.  Although, 
however,  it  is  not  improbable  that  Ihe  existence  of  a  large  proportion  of  the  various 
beds  of  coal  may  be  well  explained,  by  supposing  that  the  vegetable  matter  of  which 
they  are  composed  grow  on  the  spot  as  trees,  there  is  yet  no  impossibility  that  other 
modes  may  in  some  cases  have  prevailed,  and  that  peat  bogs  and  drift  wood  may  also 
sometimes  have  supplied  the  requisite  carbon. 

Ths  change  that  has  taken  place  in  producing  ooal  from  loaves,  wood,  stalks,  or 
moss,  ii  very  considerable,  and  seems  to  have  required  either  the  lapse  of  a  long  period 
of  time,  or  some  circumstances  productive  of  chemical  action  of  a  peculiar  kind.  The 
component  parts  of  all  vegetables  are  chiefly  carbon,  oxygen,  and  hydrogen ;  but  a  con- 
siderable part  of  the  two  latter  elements  are  in  the  state  of  water,  and  a  certain  per 
centage  of  earthy  matter  and  alkalies  is  also  present.  The  water  is  sometimes  actually 
ninety  per  cent  of  the  whole  plant,  but  generally  in  wood  it  forms  from  eighteen  to 
fifty  per  cent.  After  a  time,  by  pressure,  and  exduaion  from  the  atmosphere,  this  water 
is  to  a  great  extent  got  rid  of,  and  the  carbon,  if  unable  to  combine  with  oxygen  in  the 
natural  progress  of  decay,  is  preserved  for  an  indefinite  period,  together  with  the  earthy 
and  alkaline  ingredients.  As  time  advances,  further  changes  take  place  ;«4he  external 
form  becomes  altogether  lost,  and  even  the  texture  is  confused ;  but  in  this  state  again, 
wood  can  remain  for  a  very  long  time  without  further  alteration,  and  if  Ihen  exposed 
to  the  air,  it  forms  the  imperfect  fuel  described  as  lignite.  When,  however,  either  by 
the  influence  of  time  or  chemical  action,  a  further  change  takes  place,  the  proportions 
of  the  gases,  and  also  of  the  mineral  ingredients,  are  found  to  alter  essentially ;  so  that 

*  la  Baglaad  the  beds  00  where  exeeed  forty  firet;  hat  beds  of  lignite  exist  In  vmrioiis  parts  of 
EMttra  Germany,  and  in  Styris,  whose  thiekneis  exceeds  a  handled  Itet;  and  trae  eoel  ii  foand 
in  the  department  of  ATeyron,  Central  Ttanee,  in  bede,  one  of  whleh  alone  Is  apwards  of  fifty  yards. 
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vliile  in  pore  voody  fibre  there  is  about  fifty-two  anda-half  per  cent,  of  carbon,  forty- 
two  of  oxygen,  and  fire  and  a  quarter  of  hydrogen,  the  proportion  of  aahes  being  less 
than  one  per  cent,  peat  ia  found  to  contain  fifty-six  to  seventy  per  cent,  of  carbon, 
twenty  to  twenty-five  of  oxygen,  and  ten  to  twenty  per  cent,  of  ash,  while  lignite  with 
about  the  same  proportion  of  carbon  has  much  less  ash,  and  thirty  to  thirty-six  per  cent, 
oxygen ;  lastly  coal,  when  of  good  quality,  has  from  eighty  to  ninety  per  cent,  carbon, 
raxaly  ten  per  cent,  of  oxygen,  and  less  than  five  per  cent,  of  aah.  In  aU  these  cases, 
the  proportion  of  hydrogen  remains ;  but  in  wood,  peat,  and  lignite,  it  is  combined 
with  pnt  of  the  oxygen  in  the  fi^rm  of  water,  and  in  coal,  instead  of  the  oxygen,  a  part 
of  the  carbon  is  combined  with  the  hydrogen,  forming  carburotted  hydrogen  gas.  This 
composition,  with  certain  differences  in  compactness  and  unifonnity  of  texture,  is 
among  the  characteristic  pcculioritiea  of  coal;  and  the  more  perfectly  these  conditions 
are  fiilfiUed  in  any  mineral  fuel,  the  more  the  material  becomes  arailable  as  real  eoaL 
It  is  not  unlikely  that  the  gas  thus  formed  occupies  the  place  of  water  in  the  cells  of 
the  plant  when  in  its  new  and  mineral  condition.  At  any  rate,  it  is  certain  that  on  the 
xemoyal  of  part  of  a  bed  of  eoal,  the  gas  issues  very  freely  from  these  pores  in  large 
quantity,  and  is  occasionally  so  abundant  as  to  be  the  source  of  extreme  danger. 

Thufl^  then,  the  nature  and  history  of  coal  have  been  traced,  and  we  see  this  substance 
reduced  to  its  true  position,  as  a  mass  of  vegetable  matter  originally  bedded  with  day 
and  sand,  and  foiming  a  component  part  of  the  mineral  substances  forming  the  earth's 
crust  We  wiU  next  oonaid»:  how  &x  Uiis  position  is  available,  and  under  what  cir- 
cunstancee  a  substanoe  so  ueeful  and  so  abundant  can  be  beat  obtained. 

Min»TaH««Hiwi  oC  Goal.— Something  of  the  position  of  coal  has  been,  already 
alluded  to  in  a  fbnner  paragnq^h,  in  speaking  of  its  origin;  and  the  usual  accumulations 
of  sand  and  clay  in  ita  vicinity  have  also  been  referred  to,  but  we  must  now  consider  this 
point  a  little  more  closely.  Beds  of  coal,  like  beds  of  clay,  are  rarely  horieontal  or 
parallel  to  the  earth's  surfaoe  for  long  distances;  and,  at  however  small  an  angle> 
they  almost  always  cut  the  earth's  surface  in  a  Hne,  which  in  uncultivated  districts 
may  often  be  seen,  either  in  natural  cli£&,  in  the  beds  or  banks  of  streams,  or  wherever 
the  first  operations  of  road-maldng,  however  rough,  cut  through  the  coating  of  soil  that 
interferes  with  our  observation  of  the  interior.  Seen  in  this  way,  and  at  a  slant  section, 
the  thiokneHH  of  the  beds  often  appears  greater  than  it  really  is ;  while,  as  the  coal  is 
generally  dirty  and  injured  by  exposure,  the  seams  are  by  no  means  so  easily  rccog- 
msed  as  might  be  imagined.  The  appearance  of  the  coal,  as  of  other  rocks  at  the 
surface,  is  technically  called  the  out  crop^  or  more  briefly,  the  crop;  and  from  it  alone 
the  true  thickness  and  value  of  the  ooal  cannot  be  ascertained.  For  such  puzpoec, 
trenches  or  shallow  pits  must  be  sunk,  and  the  angle  of  inclination  of  the  bed  to  the 
horizon,  be  asoertained^  The  general  limits  of  such  lines  of  crop  require  to  be  marked 
on  a  good  map,  together  with  the  position  of  other  beds  determined  in  the  same  dis- 
trict When  this  is  done,^  a  general  idea  is  obtained  of  the  extent  and  value  of  the 
coal-bearing  area,  and  some  notion  also  as  to  the  depth  at  which  the  ooal  may  be  worked, 
presuming  that  no  irregularitiea  exist  undergrounds  As,  however,  many  such  do  ozisty 
under  the  name  of  fftuUs,  dips,  and  troubles,  it  is  always  expedient  to  learn  the  extent  ! 
to  which  they  affisct  the  position  of  the  ooal. 

The  general  anangtment  of  rocks  at  the  earth'a  sur&oe,  both  in  respect  of  their   j 
original  regularity  and  subsequent  partial  displacement,  irill  be  understood  by  tiie    ' 
reader  of  the  preceding  pages^  who  hw  attended  to  the  chapter  on  Descriptive  Geology. 
The  aotiun  of  the  weatther,  and  a  thousand  other  natural  and  every-day  causes,  tend  to   i 
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wear  ftvay  eiq^ooed  portions  of  tba  earthy  and  remore  them  to  a  distance.  £yery  ihower 
of  •imxmery  erery  frost  of  winter^  evecy  stream  running  orer  tho  gronnd,  every  wave 
beating  against  a  cUM,  or  rolling  shingle  on  the  sea-beach,  helps  to  bring  abont  thai 
result ;  and  eren  tho  plants  and  trees  growing  on  the  soil,  and  the  snimals  everywhere 
present  both  on  land  and  in  water,  all  do  their  share  of  this  important  woik.  The 
pcooess  of  wearing  away,  and  re-depositing  that  whieh  has  been  lemoTcd,  is  thus  ss 
continnous  and  inoessant  as  the  lapse  of  time  itself;  and  aeeonmktions  are  now  being 
made,  thon^  generally  out  of  sight,  whieh,  in  eourse  of  time,  would  appear  as  beds  or 
strata,  often  of  no  slight  dimensions,  but  for  the  most  part  ^te  horizontal. 

There  is  probably  no  sneh  tiling  in  this  wodd  as  an  -nnt-h^n^n^  anduniionn  eondi- 
tion  of  things,  even  in  thosa  BoiHA  end  apparently  mialterable  masssa  of  rock  buried 
beneath  hundreds  or  tlwwisands  of  laet  of  other  minezalsy  and  6r  away  from  observ*- 
tion.  Certainly,  in  the  aecumulatiaiis  made  at  the  bottom  of  water,  atEsnaitionstatem 
that  whioh  immediately  eommcoeea  and  ^emils  for  an  indefinite  period,  since  the  nmd 
of  a  few  oentnrica  ago,,  which  onoe  eontsined  an  admixture  of  all  kinds  of  animal,  vngo* 
table,  and  mineral  matters,  has  now  beoome  half  consolidated,  its  impurities  GoiUecttng 
together  or  given  off  in  gas.  Afterwards,  and  while  oontinuing  to  harden,  it  conixects 
and  beeomes  craoked,  uadeiqgQing  at  the  same  time  a  e^tain  amount  of  re-arrangement 
of  the  atoniA— the  mud  becoming  either  day  or  limestone^  aeeordiqg  as  itisargillaceons 
or  calcareous,  and  assoming  gradually  t^  semi-erystalliae  stmctuie  so  frequently 
ohiervable,  and  causing  the  mass  to  separate  readily  into  regulsr  blocks  and  thin  films. 
In  the  course  of  time  so  great  a  change  haa  taken  place,  that  were  it  not  lor  the  inoon- 
testible  evidence  of  mechaniial  arrangement  and  fossil  contents,  it  mig^  ofben  be 
doubted  whether  the  regular  beda  seen  in  sectian  in  a  sea  cliff  were  really  once  mere* 
muddy  accumulations,  and  whetiier  the  band  of  shells,  bones,  or  coal  had  its  origin, 
as  we  know  it  had,  in  nmilar  heaps  of  organic  matter. 

Thus  it  arises  that  a  coal  bed,  seam,  or  vein  (for  it  is  called  by  all  these  names),  is 
not  so  simple  a  thing  as  might  at  first  be  imagined.  It  is  one  of  a  number  of  pheno- 
mena which  mnst  be  considered  together,  and  witii  reference  both  to  erents  going  on 
now,  and  to  others  formerly  taking  place  over  large  areas.  It  is  not  quite  what  it 
seems,  for  it  has  a  history  of  its  own,  involving  a  long  suooesrion  of  events,  the  last  of 
which  was  the  elevatUm  of  the  bed  into  its  present  position.  Wc  have  already  seen 
that  coal  is  not  now  a  mere  mass  of  vegetation,  though  formerly  existing  in  this  oondi- 
tioBL  It  is  so  for  changed  as  to-have  become  a  mineral,  alternating  in  bods  with  cAer 
minerals ;  altered  by  them,  and  having  helped  to  alter  them ;  broken  npy  re-united, 
lifted  iixagulaily,  partially  worn,  and  oooariooally,  perhaps,  drifted  inmass.  One  coal 
seam  also  randy  exists  alone.  Whatever  the  reason  may  bo  anditisnndonbtBdlyvery 
obscure— the  causes  that  have  produced  a  deposit  of  TagetatiaiL  have  generally  acted  so 
for  at  intervals,  that  H  is  more  usual  to  find  a  number  of  moderately  thin  beds  than  ena 
or  two  thick  ones.  But  however  this  may  be,  the  esscntiai  ohange  has  been  snper- 
indvoed;  the  vegetation  no  longer  exhibits  ftr  cellnlw  stractiae  and  original  spiral 
vessels  except  at  rare  intervihi;  it  no  longer  containa  wacter,  bvt  instead  of  water  it 
poesesios  the  dementaiy  gase%  oxygen  and  hydrogen,  of  which  t^  water  was  composed, 
both  mixed  with  the  esrbon,  the  essential  base,  and  fooning  iSbe  oaxbonio  acid  gas  and 
carburetted  hydrogen,  which,  exuding  afterwards  when  the  coal  is  broken,  aro  the 
fertile  source  of  the  gjreat  dangers  to  which  ooal  mining  is  more  eipecially  exposed. . 

The  main  changea  to  be  considered  are  (I)  the  afooiie  alteBatiana  which  make  the 
oflsential  difference  between  ordinary  vegetable  matter  and  miieal  ocxd;  and  (t)  the 
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wiftcTmniPAl  alteratiolu  of  position  which  render  it  possible  to  work— from  the  surfaco  of 
the  earth  in  hill  sides,  or  at  depths  rarely  much  below  the  sea  level— a  vast  series  of 
deposits  originally  formed  at  or  below  the  sea.  It  wiU  also  be  fitly  conaideied  in  this 
place  how  far  geological  age  is  important  in  reference  to  the  probable  existence  of  true 
coal  in  a  district. 

Spealdng  in  a  general  way,  and  without  introducing  technicalities  unsuited  to  the 
occasion,  we  have  seen  that  coal  difiEiers  from  wood,  peat,  lignite,  and  other  yegetable 
fuels,  in  having  parted  with  almost  all  the  essential  ingredients  of  vegetation  except 
carbon;  while,  on  the  other  hand,  it  differs  from  various  mineral  substances,  of  which 
carbon  is  the  essential  ingredient,  by  still  retaining  at  intervals  indications  of  the  actual 
structure  of  organic  existence,  as  developed  in  the  vegetable  kingdom.  These  are,  it  ia 
true,  in  a  state  utterly  inviaible  to  the  xmassisted  eye,  but  they  readily  yield  the  secret  of 
the  origin  of  the  substance  to  the  microscopic  observer.  At  the  same  time  it  is  right  to 
remind  the  reader  that  the  steps  are  very  gradual  between  organic  matter  loaded  with 
mud  and  other  similar  impurities,  and  day  loaded  with  organic  matter  derived  from 
vegetation,  and  communicating  the  peculiar  and  essential  features  of  a  combustiblo 
substance.  So  difficult  is  it  to  draw  this  line,  and  so  little  had  scientific  men  thought 
it  necessary,  or  fbund  it  possible,  to  create  an  actual  definition  in  reference  to  this  point, 
that  within  a  short  time  a  very  important  question  arose  in  the  Scotch  courts  of  law  as 
to  whether  a  lease,  granting  the  right  to  mine  coal,  should  be  understood  to  cover  a 
certain  mineral  substance  highly  inflammable,  and  valuable  for  gas,  but  not  really 
available  as  fuel.  Owing  partly  to  the  fact  that  the  lessor  in  the  particular  case  had 
himself  regarded  this  bed  of  bituminous  shale  on  which  the  question  arose  as  a  real 
-coal,  the  question  was  decided  in  favour  of  the  lessee.  But  about  the  same  time  a 
similar  question,  in  respect  to  the  same  material,  as  to  whether  it  should  bo  admitted 
on  paying  duty  as  a  coal,  or  be  passed  free  as  a  shale  in  the  German  customs*  union, 
was  settled  the  other  way,  the  mineral  being  admitted  as  a  shale  eminently  useful  for 
certain  purposes,  but  not  a  true  mineral  fueL  Certainly  if  coal  is  to  be  defined  aa  a 
mineral  fuel,  and  bituminous  shales  are  distinct,  the  fact  of  a  substance  being  valueleaa 
as  a  fuel  after  being  deprived  of  its  gas,  is  of  some  importance. 

The  essential  peculiarities  of  coal  as  a  mineral  vary,  however,  very  greatly ;  and 
this  not  merely  in  hardness,  colour,  texture,  weight,  fracture  and  other  mineralogical 
characteristics,  but  also  in  actual  composition,  both  positively  as  regards  the  total 
quantity  of  carbon  it  contains,  and  relatively  as  to  whetiier  this  is  associitted  on  the  one 
hand  with  considerable  volumes  of  gas  capable  of  entering  into  combination  with 
carbon ;  and  on  the  other,  whether  the  proportion  of  earthy  impurities  is  so  large  that 
the  heating  powers  are  dissipated  and  lost  before  they  can  be  applied  to  get  up  steam 
in  a  boiler.  All  true  coal  is  nearly  free  from  water ;  but  the  oxygen  and  hydrogen, 
originally  contained  as  aqueous  fiuid,  are  often  large  in  quantity,  and  interfere  with 
the  efficient  use  of  a  coal  as  fuel. 

BltUDlaottB  OottL— There  are  various  kinds  of  coal  obtained  from  mines  worked 
in  the  true  coal  fields,  which  may  be  grouped  into  bitumitiMu  eoalj  steam  coal,  and 
aiUhraeite,  Of  the  first,  the  eannel  is  a  remarkable  variety,  the  ooazser  kinds  of  it  being 
called  in  Scotland  ^^ parrot"  and  sometimes  tpUni  coal.*    It  contains  from  forty  to 

«  Spnnt  eoal  is  a  name  lometiines  glren  to  these  less  bltominoni  varieties  of  Seoteb  eannel ;  bat 
it  it  tlw  givea  tiseirhere  to  hard  and  highly  Utamiaoiu  ooals  wMoh  bum  with  flame,  hot  have 
UtUe  reeemblaaoe  to  eaaaei. 
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netily  aizty  per  ceat.  of  Tolatile  matter,  and  the  proportion  of  carbon  Taries  within  the 
tame  limita.  It  buma  readily,  taking  fire  like  a  candle,  and  giring  a  bright  light,  and 
nmch  smoke.    The  aah  yaries  from  about  four  to  ten  per  cent.* 

This  coal  yields,  on  destructiTe  distillation,  a  Tery  large  quantity  of  gas,  and  is 
profitably  used  for  that  purpose.  The  gas  is  not  oidy  large  in  quantity,  but  remark- 
ably pure,  and  of  excellent  quality  for  purposes  of  illumination.  There  is  a  large 
quantity  of  this  kind  of  coal  in  the  Scotch  coal  fields,  and  it  has  also  been  found  in  the 
Newcastle  district,  in  the  Wigan  portion  of  the  Lancashire  coal-field,  and  in  the  Tork- 
Bhiro  and  Derbyshire  coal  fields.  America  yields  cannel  coal  in  Virginia,  Kentucky, 
Indiana,  Illinois,  and  Missouri.  Cannel  coal  passes  into  jet,  and  may,  like  jet,  bo 
woiked  into  various  ornaments ;  but  it  is  brittle,  and  not  very  hard.  The  seams  are 
generally  rather  thin,  although  there  are  seyeral  important  exceptions,  in  which  the 
quantity  is  yery  considerable.  The  coal  of  Belgium,  from  one  ba<in  (that  of  Mous)) 
aeems  to  be  of  this  kind. 

Another  and  fsr  more  abundant  kind  of  bitominous  coal  is  that  obtained  in 
Northumberland  and  Durham,  and  commonly  used  in  London,  and  eyerywhere  on 
the  east  and  south  coasts  of  England.  This  kind  is  also  highly  bituminous,  bums 
with  much  flame,  and  ti^es  fire  readily ;  but  it  swells  and  alters  its  form  while  burning, 
often  assuming  a  striking  and  yery  peculiar  appearance.  This  caking  coal,  as  it  is 
called,  yields  on  an  ayerago  of  several  analyses,  about  67  per  cent,  of  carbon,  about 
37*6  volatile  matter,  and  6  per  cent.  ash.  Its  specific  gravity  is  1*267,  but  sometimes 
higher.  It  leaves  a  red  ash  in  an  open  fire,  but  i-equircs  to  be  deprived  of  its  volatile 
matter  before  being  exposed  to  a  strong  blast,  owing  to  its  tendency  to  cement  together 
in  a  solid  mass,  and  prevent  a  free  draught  through  the  grate  or  frnnaoe  in  which  it  is 
employed.  Not  only  the  coals  of  the  Newcastle  coal  field  in  England,  but  most  of 
those  of  Fiance  and  Belgium  generally,  of  Bohemia,  and  Silesia,  in  Euroi>e,  and  of  the 
yalleys  of  the  Ohio  and  its  tributaries,  in  North  America,  are  of  the  caking  bituminous 
kind. 

The  coals  of  Staffordshire,  Yorkshire  and  Derbyshire,  Lancashire,  North  Wales, 
and  many  other  districts,  contain  nearly  or  quite  as  much  bituminous  and  volatile 
matter  as  those  of  Newcastle,  but  do  not  cake  and  swell  in  the  fire,  and  may,  there- 
fore, be  employed  directly  where  strong  heat  is  required  without  previous  coking.  The 
rx>ke  obtained  frt>m  these  coals  is  little  altered  in  appearance.  The  coal  bums  freely, 
with  fiame  and  much  heat,  but  is  generally  considered  somewhat  inferior  for  household 
purposes  to  that  of  Newcastle.  It  yields  60  to  60  per  cent  carbon,  36  to  46  volatile 
matter,  and  a  small  quantity,  often  less  than  6  per  cent.,  of  ash.  The  ash  is  often 
white.  Most  of  the  coals  firom  the  inland  counties  readily  show  white  lines  on  the 
edges  of  the  beds,  owing  to  the  pressure  of  argillaceous  earth,  which  effloresces.  In 
this  respect  they  are  less  adapted  for  general  use  than  the  Newcastle  coal,  but  many  of 
them  are  of  excellent  quality. 

Steam  OoaL— Next  in  order  to  the  coals  of  the  midland  counties  generally, 
are  those  of  some  parts  of  North  Wales,  and  many  districts  in  South  Wales,  which 
contain  a  larger  per  centage  of  carbon,  yery  little  volatile  matter  and  bitumen,  and  often 

*  Specimens  of  the  •o-called  *'  Boghead  coat,"  obtained  from  JorUme  hlll,  yielded  on  siuItsIb  as 
macfa  M  78  percent,  rolatile  matter,  and  upwards  of  20  per  eent  of  earthy  ash.  Other  specimens 
7i«Ued  from  82  to  88  per  eent  of  earthy  ash.  In  these  eases  ftom  27  to  43  per  cent,  of  resldnnm  was 
obtained  on  distilling  off  the  gas,  hat  of  this  from  75  to  nearly  90  per  cent  was  earthy  and  inoom- 
bnitible,  so  that  the  material  did  not  yield  an  aTailable  coke  that  oould  bo  used  as  fhel. 
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bat  littlA  aflJi;  which  bum,  hofweyer,  fiedj  and  without  smoke^  and  are  wdl  adapted 
ftc  cteam  pozpoaes  and  the  aoAnufMture  of  iron,  or  where  a  strong  blast  and  great  heat 
are  required.  Such  coals  exist  not  only  in  Rnglaw^  but  in  Franoe,  SazoDj,  and 
Belgium  to  some  extent.  They  are  apt  to  be  tender  or  powdery,  dirty-looking,  and  of 
oomparatiTely  looie  texture,  but  they  often  stand  exposuxo  to  the  weather  without 
alteration  or  injury.  They  are  caUed  steam  ooals,  and  tho  inferior  kinds  are  known 
as  culm.  They  contaia  of  carbon  81  to  85  per  oebt,  of  volatile  matter  11  to  15,  aad 
of  ash  3  per  cent  or  thereabouts. 

AnUhndte.— The  last  kind  of  coal  is  called  '^  anthracite,"  and  it  consists  almost 
tisclusiTely  of  carbon.  This  ooal  is  also  called  non-bitaminOQB,  ma  the  steam  ooal  ia 
semi-bituminous.  The  anthracites  ooatain  &om  80  to  upwards  of  95  per  cent.  caibofD, 
with  a  little  ash,  and  somi^timiw  a  certain  small  per  centage  of  yolatile  matter.  They 
are  heavier  than  common  coal,  take  fire  with  difficulty,  but  give  an  intense  heat  -wh/ok 
in  full  combustion  with  a  strong  draught.  Anthracites  occur  abondantly  in  the  western 
part  of  South  Wales,  in  the  south  of  Irdaad,  in  France,  Saxony,  JEtuseia,  and  in 
Pennsylyania  and  in  North  America,  and  the  use  of  them  is  greatly  on  the  increase. 
AM«Ang«f  other  uses,  this  kind  of  eoal  is  eaqdoyed  in  hop  and  malt  diying,  and  also  in 
lime  burning,  with  great  advantage,  but  its  idiief  use  is  in  the  uanu&ctuie  of  iron. 
The  appearance  is  often  bright,  with  a  shining  izvegnjar  fiactura;  the  eoal  is  often  hard, 
hot  some  varieties  are  tender  and  readily  fiaotored.  The  ash  of  the  anthracite  ooal  ia 
geaarally  white.  As  a  gcperal  rule,  the  antbraoites  are  deficient  in  hydgggan^but  con- 
tain  a  certain  proportion  of  oxygen  gasi 

^•IfttiTe  ▼altto  of  Ooftlfl,— The  following  table  represents  the  weight  of  wat^ 
evaparated  by  one  pound  each  of  sevraal  principal  varieties  of  coal,  and  is»  therefore^ 
other  things  bdng  the  same-^a  good  index  of  the  relative  value  of  these  fuels : — 

lbs.  oz. 

Common  Scotch  bituminous  ooal 5    14 

Hastings*  Hartley  main,  Newcastle 6     14| 

Gaxr's  West  HarUey,  Newcastle 7      5 

Middling  Welsh  anthracite 7     15^ 

Mertfayr  bituminous  coal.  South  Wales  .80 

Uangenech  steain  coal,  Bo 8    14^ 

Cameron's  steam  ooal.  Do 9      7| 

Pure  Welsh  anthracite,  Do. 10      8^ 

Age  of  CoaL— The  geological  age  of  coal  is  certainly  not  a  matter  of  great  import- 
ance, except  in  such  districts  as  have  been  long  known,  and  in  which  experience  has 
shovni  that  there  is  only  one  carboiuferous  scries.  Thus  in  England,  France,  Bel- 
gium, and  generally  in  western  Europe,  the  middle  palsM)zoic  period  is  the  only  one 
that  contains  thick  and  valuable  beds  of  mineral  fuel.  Thinner  and  less  valuable  beds 
occur  in  the  oolites,  and  lignites  are  found  in  rocks  of  much  more  modem  date.  Many 
English  coal  engineers,  and  even  geologists,  have  hence  come  to  the  conclusion  that 
ooal  did  not  exist,  or  was  valueless,  except  when  thus  placed.  Such  a  conclusion  was 
partly  borne  out  by  discoveries  in  North  America,  where  the  chief  deposits  arc  of  the 
samo  age  as  with  us.  There  is,  however,  a  great  exception  in  the  Riohaond  coal 
field,  Virginia,  which  contains  a  fuel  quite  equal  to  many  of  those  i^oommon  use, 
and  is  of  the  oolitic  period.  In  India  the  exact  age  of  the  coal  is  not  yet  deaiiy 
determined;  but  everything  points  to  the  conclusion  that,  compared  with  the  carboni- 


Digitized  by  LjOOQiC 


INTEftROPTTOira  OT  COAL  BE1>S.  i31 


Hbou  x)enod,  it  is  eEzttemely  modem,  perhaps  tertiary.  In  Atutralia,  tibe  age  of  the 
ooalisaiaostiUdoiibtfbl.  In  a  word,  mere  geological  age  is  aogmde  in  a  new  oountryi — 
the  qiiaUty  of  themineFsl,  and  the  nature  of  the  associated  tockaf  being  the  points  that 
require  chief  investigation.  Coal  fossils  of  eyerj  kind  are  at  present  too  little  brought 
into  relation  with  existing  forms  of  vegetation  to  allow  of  their  being  referred  to  as 
evidence,  except  when  placed  in  the  hands  of  accomplished  botanists,  who  have  made 
extinct  species  their  special  study. 

Position  of  Goftl« — ^These  remarks  as  to  its  condition  are  necessary  to  enable  the 
stodent  to  understand  folly  the  peculiarities  of  position  in  reference  to  coal.  The  beds 
of  this  material,  as  they  exist  now,  include  a  singular  variety  of  appearance,  magnitude 
and  condition,  being  sometimes  perfectly  regular  over  wide  districts  in  nearly  hori- 
zontal strata,  and,  as  already  experienced,  of  various  thickness.  Sometimes  several 
hmidred  seams  will  be  foimd,  all  parts  of  the  same  great  series,  and  separated  by 
thousands  of  feet  of  sandstone  and  shale ;  while  occasionally  there  are  only  a  few 
thick  or  thin  beds,  associated  with  masses  of  boulders,  and  barely  covered  up  with 
thin  deposits  of  little  importance  and  of  doubtfol  age.  In  one  place  we  find  the 
anifinmity  of  certain  seams  so  great,  that  in  sinkings  made  through  the  strata  at 
distant  points  the  order  can  be  recognised,  and  the  particular  part  of  a  known  field  ait 
once  determined;  but  on  the  other  hand  it  may  happen  (though  not  often  in  Engtawd) 
that  in  the  same  mine  the  tMclmess  of  a  bed  of  coal  it  so  variable,  and  the  coal  itnlf 
so  imgular,  that  it  would  be  impossible  to  imagine  any  relation  between  tw«  not  Tsry 
distant  points  in  the  seam,  if  the  workings  were  not  continiious,  and  tibe  mineral  from 
one  point  actnally  eontinQous  to  mother.  A  seam  of  eoal  Mnetimes  tenmnates 
gradually,  by  tiiinning  ont  to  a  mere  line,  and  tometimes  abruptly  by  a  sudden  break ; 
whae  occasionally  it  becomes  split  asunder,  and  the  tipper  and  lower  parts  thin  away, 
and  are  almost  lost  The  former  case,  that  of  gradually  thinning  out,  shows  a  leiOB- 
flhaped  condition  of  the  coal ;  while  tiie  laitter,  sometimes  called  a  ^otm^  shows  the 
intrusion  of  a  mass  of  clay  or  sandstone  of  the  same  shape  between  two  parts  of  a 
coal  seam.  Tlierc  is  also  sometimes  an  abrupt  termination  of  the  bed,  either  marking 
some  local  disturbance  by  which  the  coal  has  been  removed  to  a  distance  above  ofc  bdow, 
or  the  result  of  an  ancient  denudation,  by  means  of  which  the  coal  was  formeriy  partly 
worn  away  by  exposure,  either  being  pared  off  by  the  direct  action  of  the  waves,  or 
undennined  and  removed  when  soft  underiying  days  have  been  acted  on  at  the  foot  of 
ft  eliff.  Besides  these  cases,  however,  the  coal  is  sometimes  suddenly  eurved  up  and 
disappears  for  a  time,  as  if  an  obstruction  had  ^cisted  at  the  time  of  deposit,  and  the 
vegetable  mass  had  collected  round  it. 

FMiltB.— With  these  remarks  as  to  those  occasional  modifications  of  a  ooal- 
seam  which  naturally  produce  an  appearance  of  irregularity,  we  may  pass  to  the 
consideration  of  mechanical  disturbances  such  as  have  produced  the  basin-shape 
characteristic  of  some  coal  fields,  or,  in  a  similar  way,  have  brought  over  and  over  again 
to  the  sur&ce  many  deposits  whose  dip  wotdd  soon  carry  them  out  of  range,  and  ooca- 
sionally  have  so  broken  and  destroyed  particular  districts  as  to  deprive  a  locality  of  that 
value  which  would  otherwise  have  belonged  to  it.  The  seams  of  coal  are  generally 
separated  from  one  another  by  beds  of  sandstone,  clay,  and  shale,  known  by  various 
local  names,  and  occasionally  by  bends  of  ironstone  and^even  limestone,  which  have 
natnrally  beA  differently  affected  by  subsequent  mechanical  disturbances.  During 
the  process  of  drying,  aU  have  contracted,  but  each  in  its  own  way ;  and  thus  the  lini^eat 
condition  is  that  of  a  number  of  cracks  or  crevices  formed,  whidi  do  not  fk«ely  corn- 
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nonicate  with  one  another,  but  still  have  lo  far  affected  the  general  mass  aa  to  pre> 
diapoee  them  to  fracture  when  upheaying  forces  acted.  An  illustration  (see  Cut) 
will  be  useful  in  showing  the  result  of  such  upheaTing  force,  which,  howercr,  is 


BICIIOSC   OF  (OAL  FIELD  APTSB  DISTUEBAXCZ, 

rarely  carried  to  tho  extent  there  indicated.  In  the  cut,  b  represents  the  coal 
measures ;  d,  underlying  and  older  stratified  rock ;  and  e,  an  intnuiTe  rock,  such  as 
basalt  or  porphyry.  The  latter,  in  being  elevated,  has  lifted  the  stratified  masses,  and 
broken  them.  Some  parts  are  greatly  tUted  in  one  direction ;  others  also  tilted,  but  in 
the  opposite  direction ;  while  others  between  them  are  merely  lifted  more  or  less, 
without  their  original  horizontal  position  being  greatly  affected.  Water  often  finds  a 
free  passage  through  these  creyices,  while  sometimes  they  are  filled  with  clay,  preventing 
the  passage  of  water  from  one  side  to  the  other.  The  beds  are  often  discontinuous  on 
the  two  sides  of  a  crevice ;  and  the  disturbance  is  then  termed  vl  fault,  trtmbUy  or  dip. 

It  is  often  imagined  by  English  colliers,  especially  those  firom  the  northern  coal  fields, 
that  the  existence  of  faults  is  an  inevitable  consequence  of  the  very  existence  of  true 
carboniferous  rocks ;  and  wo  find  them  alluded  to  by  some  writers  as  providential 
contrivances  for  the  rex)etition  of  coal  beds,  so  as  to  make  them  more  available  to  man. 
A  more  extended  knowledge  of  the  subject  shows  that  some  of  the  largest  and  most 
valuable  coal  lands  have  either  no  faults  at  all,  or  so  few  that  they  neither  intcrfierc 
with  the  workings  nor  repeat  particular  scams  of  coal,  which  indeed  are  quite  as  often 
thrown  out  of  reach  as  brought  back  by  such  results  of  disturbing  force.  The  inclined 
position  of  the  seams  is  another  matter  by  no  means  universal,  and  the  depth  of  th3 
better  kinds  of  coal,  considerable  in  England  in  most  cases,  is  much  less  in  other  coun- 
tries ;  while  in  the  great  coal  fields  of  America  some  of  them  are  altogether  above  the 
water  level,  so  far  as  effective  workings  are  concerned. 

Faults,  however,  are  realities  in  English  coal-mining,  and  require  grave  considera- 
tion. Taking  the  simple  case  represented  in  the  annexed  cut,  some  of  the  laws  of  fiiults, 
and  their  consequences,  will  be  easily  comprehended.  In  this  cut,  tho  thick  black 
lines  inclining  to  the  right  represent  beds  of  coal,  and  tho  lino  more  highly  inclined 
and  to  the  left  the  fault  The  beds  on  the  right  side  of  the  crevice  or  fault  have  in  this 
case  been  lifted,  and  tho  fault  is  hence  said  to  be  t^cast^  or  upthroum  in  that  direction. 
This  is  true  probably  in  the  abstract,  but  when  in  working  the  seam  in  the  usual  way 
on  its  rise  this  fault  is  met  with,  the  beds  would  appear  to  be  thrown  down  to  the 
left  instead  of  being  lifted  to  the  right,  and  it  would  be  spoken  of  as  doicneast,  or  a 
downthrow  in  that  direction.    In  reality,  as  elevations  of  strata  are  far  more  likely  to 
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occur  than  dcprenioiu  ia  connection  with  these  disturbanoesy  the  upcast  is  generally 
the  ooETect  deacription ;  but,  practically,  faults  are  spoken  of  as  they  are  found,  so  that 
the  aame  elip  would 
be  upcast  in  one  mino 
and  downcast  in  an* 
other  if  reached  from 
opposite  points.  The 
impofrtant  point  to 
obaenre  is  the  direc- 
tion of  the  fault ;  for 
if  that  inclines,  as  in 
the  case  before  us,  to 
the  left,  the  bods  dip- 
ping to  the  right,  it 
will  follow  that  the 
angles  made  by  any 
one  of  the  beds  in  its 
two  positions  (before 

azuL  after  fracture)  with  tho  fault  will  be  two  obtuse  angles,  and  thus  a  rule  is  obtained 
for  following  the  seam.  The  practical  rule  is,  that  if  the  fault  mokes  an  angle  less  than 
a  right  angle  with  the  bed  of  coal,  the  coal  must  be  looked  for  at  a  lower  lerel  on  the 
other  side,  being  downcast  in  that  direction ;  if,  on  tho  contrary,  the  angle  is  greater 
than  a  right  angle,  the  coal  will  be  at  a  higher  level  or  upcast.  It  must  be  observed, 
that  the  distance  to  which  the  coal  is  hoaycd  is  not  at  all  indicated  by  the  nature  or 
direction  of  the  fault. 

The  crevices  separating  broken  beds  are  sometimes  filled  with  material  drifted  in 
from  above,  and  sometimes  with  spar,  soft  clay,  water,  or  even  gases  and  powdered 
coal.  Crystallised  metalliferous  minerals,  such  as  galena,  are  also  found.  Many  fimlts 
occur  in  which  there  is  no  perceptible  interval  between  the  walls. 

Dykes.— Coal  fields  are  intersected  in  various  places  by  rocks  apparently  of  igneous 
character,  and  called  whinstone,  greenstone,  and  basalt.  In  such  cases  there  is  often 
much  evidence  of  chemical  action,  which  has  been  attributed  to  heat.  Whether  these 
dykes  were  reaUy  in  all  cases  intrusions  of  lava  may  perhaps  admit  of  doubt ;  but  the 
appearances  are  peculiar  and  striking,  and  worthy  of  special  notice.  For  this  purpose, 
a  short  notice  of  a  remarkable  whinstone  dyke  in  the  county  of  Durham  wiU  be 
interesting  and  instructive. 

The  dyke  in  question  is  of  solid  greenstone,  ten  to  twenty  yards  in  thickness,  nearly 
vertical,  and  of  xmascertained  depth.  It  is  traceable  to  a  distance  of  seventy  miles, 
nuining  in  a  south-east  direction.  The  effect  on  the  coal  is  thus  described  by  Mr. 
Witham,  in  the  Transactions  of  tho  Newcastle  Natural  History  Society  :—^^  Within 
fifty  yards  of  the  dyke  the  coal  begins  to  change.  It  first  loses  tho  calcareous  spar, 
which  occurs  in  the  joints  and  faces,  and  also  loses  its  quality  for  burning.  As  it 
comes  nearer  it  assumes  the  appearance  of  half-buxnt  cinder ;  and  approaching  still 
nearer  the  vdcanio  mass,  it  grows  less  and  less  in  thickness,  becoming  a  pretty  hard 
cinder,  and  only  two-and-a-half  feet  thick ;  eight  yards  further,  it  is  converted  into 
real  cinder,  and  more  immediately  in  contact  with  ^e  basalt.  It  becomes,  by  degrees, 
a  black  substance  called  swart,  resembling  soot  caked  together— the  seam  of  coal  being 
reduced  to  nine  inches  in  depth.    There  is  a  large  portion  of  pyrites  lodged  in  the  roof 
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of  tint  part  of  tfao  seam  which  has  been  rednecd  to  cinder.  On  each  side  of  the  dyke, 
between  it  and  the  regular  strata,  thev«  is  a  thin  gut  ur  core  of  clay,  about  «ix  inches 
thick,  which  turns  the  rain-water  on  the  rise  side,  and  forces  it  to  the  surface,  fortnlng 
numerous  springs  as  it  traverses  the  country.  The  coal  deteriorated  by  the  greeaatoBe 
dyke,  is  twenty-fire  yards  of  bad  short  coal,  half  reduced  to  cinder ;  sixteen  yards  of 
cinder ;  and  ten  of  sooty  substance," 

If  a  similar  effect  has  been  produced  on  the  rise  side,  of  which  there  is  litde  doubt,  it 
will  make  altogether  upwards  of  one  hundred  yards  of  coal  rendered  unfit  for  ooUiery 
purposes.  The  dyke  itself  at  this  point  is  eighteen  yards  in  thickness :  water-wom 
stones  have  occasionally  been  found  embedded  in  the  solid  coal  in  the  main  scam.* 

Other  dykes  of  smaller  magnitude  arc  common  in  particular  districts,  but  rarely 
range  beyond  them.  They  are  occasionally  connected  with  faults  of  enormous  magni- 
tude, but  sometimes  are  independent  of  disturbances.  The  extent  to  which  beds  arc 
faulted,  or  removed  asunder  in  vertical  distance  after  being  broken,  may  be  said  to 
range  between  a-tcnth  of  an  inch  and  a  thousand  fathoms ;  but  in  coal  fields  a  few 
fathoms  is  as  much  as  is  usually  met  with.t  They  are  often  repeated  several  times 
within  a  short  distance,  producing  a  condition  technically  called  broken  ground,  greatly 
interfering  with  the  profitable  working  of  the  seams. 

The  width  of  faults  in  ordinary  cases  is  small ;  but  even  those  not  filled  up  with 
altered  rock  are  sometimes  separated  many  fieithoms.  In  such  cases  considerable 
practical  difficulty  is  experienced  in  conducfting  workings  and  re-discovering  the  lost 
seam  of  coal. 

Coftl  SectloiiB.— Coal  is  so  differently  circumstanced  in  different  coal  fields,  with 
reference  to  the  associated  rocks,  that  a  few  words  as  to  coal  sections  may  be  usefiiL 
These  are  extremely  valuable  for  comparison  in  the  same  districts,  but  equally  liable 
to  mislead  when  supposed  to  be  generally  applicable.  There  is  really  no  necessary 
resemblance  whatever  in  the  beds  associated  with  coal,  in  different  districts ;  nor  can  any 
deduction  be  drawn,  except  in  the  most  general  way,  from  the  presence  of  those  shales 
and  grits  which,  in  particular  cases,  in  England  are  regarded  as  almost  infallible  guides. 
No  doubt,  a  certain  amount  of  mud  and  sand  is  usually,  Hiough  not  always,  connected 
with  coal  seams ;  and  thin  beds  of  clay,  containing  the  rootlets  of  trees,  are  often  found 
immediately  underlying  coal,  and  when  present  may  be  regarded  as  showing  a  proba- 

*  Mr.  Francis  Forster,  in  1890,  pablished  an  investigation  of  the  natare  of  the  several  specimens 
of  basalt,  coal,  fto.,  tnm  this  dyke,  of  whieh  the  followin?  are  eztraets  i-^ 

"  The  basalt  is  light  gray,  fine-grained,  and  compact,  interspersed  with  orystaJs  of  feUptr  specjilt 
gravity,  2*672 ;  losing  eight  per  cent,  in  a  strong  air  furnace  heat,  and  becoming  fused  into  a  brown 
glass.  The  coke,  or  carbonized  coal  mixed  up  with  the  basalt,  is  extremely  hard,  fracture  uneven, 
gray,  mixed  with  Irregular  streaks  of  carton  xte  of  lime  and  sulphuret  of  iron— specific  gravity,  1'957 ; 
tbat  of  the  coal  whkh  it  represents  being  1  -27.  The  ooke,  when  reduced  to  powder  and  calcined  in 
a  strong  r«d  heat,  leavea  twenty-three  per  cent,  of  heavy  incombustible  powder  of  a  reddish  cohmr. 

"  It  is  remarkable  that  the  coal,  although  reposing  immediately  upon  the  ten-feet  beds  of  basalt, 
should  retain  the  above  properties. 

**  The  ten-feet  stratum  of  carbonised  coal— specific  gravity  1'660— when  calcined  in  a  strong  red 
heat,  are  thirty-five  and  a  half  per  cent,  of  a  dirty  white  powder,  chiefly  silicious,  containing  a 
minute  proportion  of  iron." 

t  The  principal  fault  in  the  Newcastle  coal  fields  is  from  80  to  130  fathoms  perpendicular,  and  is 
regarded  as  a  c^icn  throw.  It  brings  into  workable  position,  a  second  time,  several  important  seams, 
oroppingout  near  Newcastle.  Two  other  main  faults  traverse  this  district;  one  of  forty  fathoms, 
and  another  of  twenty-five.  There  is  no  basalt  or  altered  rock  eomected  with  these  remarkable 
foults. 
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bilitf  of  the  «cislsiioe  of  ooiL  Thteee  kto  usiuJ,  but  comctimrti  tlie  oofd  ie  merely 
embedded  with  coxkglomerates  of  the  coarsest  kind  and  most  irre^^ular  composition,  and 
in  tfaeee  eaaes  it  may  repoee  on  gnmite  or  gneiaa  and  not  present  any  coverii^;  of  newer 
cocks.  Thus,  the  r«f  mawttrw  ocashig  to  guide  the  miaer  aboye,  and  the  limestone  or 
TpiT^gfapw  grit  below,  there  remain  no  snfficieat  means  of  identification. 

Ixonattomm  aiiA  Fyzltoa.— Many  seams  of  coal,  and  indeed  most  other  deposits, 
either  eofntain,  or  are  near,  seme  form  of  iron.  In  most  cases  the  cudida  of  iron  cdionrs 
the  eandstcmes  and  days ;  ocoasionaUy  it  fills  veins  immediately  adjacent,  and  aome* 
times  it  ooUects  into  bands  of  impure  iron  ore.  Elsewhere,  the  same  metal, 
oooibined  with  sulphur  (iron  pyrites),  appears  in  thin  bands,  alternating  with  or 
actually  embedded  in  ooal ;  and  oecasionaUy  bands  of  uronstonc  (impuro  aiijillaoeous 
carbonates)  alternate  with  the  eoal,  and  may  be  extracted  at  the  same  time.  The 
latter  are  extremely  raluablo,  and  in  large  distriets  in  England  and  Scotland  afford  the 
principal  ore  of  the  metal.  They  may  be  regarded  as  segr^jpated  nodules  in  day.  The 
fioimer  oondition,  that  of  iron  oxide  in  veins  or  bands,  is  oompoiatively  rare  in  this 
country ;  but  the  ore  ia  richer  and  more  TalaaiUe.  The  iron  pyrites,  wherever  it 
occurs  in  coal  measures,  is  at  the  best  valueless,  and  often  extremely  mischievous ;  as, 
by  the  decomposition  of  the  mineral  on  exposure  to  moirture  and  osidation,  a  eonsi- 
darable  amount  of  heat  is  liberated ;  and  spontaneous  oombustionhaa  often  taken  place, 
either  in  the  heaps  at  the  mouth  of  the  pits,  or  in  Teasds  or  atoros,  whetn-a  considerable 
quantity  of  damp  ooal  is  thrown  together.  There  is  no  more  important  inquiry,  in 
reference  to  coal  measures^  than  the  oondition  of  the  iron,  and  the  iacreaaedor  dimin- 
ished value  thenee  ariaing. 

The  iron  atones  of  the  coal  meesurcB  usually  eondst  of  iixegidar  bands  ci  detached 
nodules,  a  few  inches  in  thickness.  Some  of  these  aTcrage  three  to  four  hundred 
vreight  to  the  square  yard,  aad  contain  from  26  to  30  per  cent,  of  iron.  The  lidier 
bands  of  the  same  kind  from  Staffordshire,  WozQesterahire,  and  Shropdiire,  axe  heavier 
and  more  regular,  and  yield  40  per  cent  of  metal ;  some  of  them  being  two  feet  thick. 
The  ikck  band  of  Scotland  varies  from  fifteen  or  twenty  inches  to  five  feet  in  thick- 
ness, and  resembles  the  bUck  shales  common  in  the  eoal  measures.  It  is  widdy 
spread,  easily  caldned  in  heaps  with  waste  coal,  and  when  roasted  yidds  as  much  as 
60  per  cent,  of  iron  in  a  calx  easily  mdted  in  the  Aimaee.  The  other  ironstones  not 
belonging  properly  to  the  ooal  measures  do  not  hero  come  under  oondderatum. 

Oyen  Woiiuk— Goal  seams,  altematmg  with  other  rocks  of  whatever  kind,  are 
easily  recognised  at  the  sur£Mse,  and  their  position  underground  must  be  estimated  by 
calculation.  If  they  i^ipear  nearly  horizontal,  and  are  above  the  level  of  the  water  in 
the  adjacent  country,  they  may  be  entered  at  once,  or  the  coal  can  be  removed  by  a 
process  analogous  to  that  of  quarrying.  Thia  is  the  dmplest  method  of  coal  mining ; 
and,  though  rare  and  exceptional  in  the  British  Isbuids,  it  csa  be  adapted  with  great 
advantage  in  North  America  and  in  some  of  the  most  valuable  cod  fields  of  France. 
The  discovery  and  working  of  the  cod  under  these  circumstances  is  very  inexpendw. 
More  usually,  however,  the  beds  of  coal,  though  oomiag  to  the  surface,  dip  into  the 
earth,  and  at  a  moderate  dirtanoo  from  the  outcrop  can  only  bo  reached  by  dnking  pits 
often  to  great  depth,  and  then  performing  many  costly  mining  operations  dependent  on 
the  nature  and  thickness  of  the  coal,  on  the  amount  of  its  dip,  on  the  extent  to  which 
it  is  faulted,  and  on  the  peculiarities  of  struoture  and  condition  of  the  sandstones,  days, 
limestones,  or  conglomerates  dtetnating  with  the  cod  seams.  There  are  thus  eevetd 
modes  of  cod  mining,  each  pursued  in  somo  particular  district,  and  each  containing 
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more  or  less  of  general  principle,  which  the  student  in  this  department  wonld  do  well  to 
learn. 

The  original  discovery  of  a  coal  seam  is  not  difficulty  and  is  generally  made  on  some 
natural  exposure  on  a  dif^  in  a  valley,  by  a  stream,  or  wherever— in  a  word — ^the 
surface  coating  of  soil  being  absent,  the  underlying  rock  can  be  seen.  At  the  snxfaice 
the  bed  is  often  weathered  and  rotten,  and  little  indicative  of  the  importance  of  the 
mineral  wealth  present*  The  discovery  once  made,  if  the  coal  seam  is  horizontal,  and 
above  the  level  of  the  water,  it  can  be  entered  at  once,  and  a  considerable  quantity  of 
coal  extracted.  This  is  the  case  on  the  banks  of  the  Ohio  and  its  tributaries,  in  the 
neighbourhood  of  Pittoburg,  and  elsewhere  in  the  same  field.  Something  of  the  same 
condition  may  be  found  in  the  thick  seams  now  worked  at  Aubin  and  Decazeville,  In 
the  department  of  Aveyron,  Central  France.  In  the  latter  case,  indeed,  the  vast  thick- 
ness of  the  principal  seam  (one  hundred  and  fifty  feet),  and  the  thin  coating  of  soil 
and  rock  above  it,  has  rendered  it  possible  to  commence  open  workings  after  removing 
the  superincumbent  rubbish.  In  the  former,  the  works  are  carried  on  by  means  of  tunnels 
burrowed  into  the  side  of  a  hill,  commencing  at  some  point  where  the  coal  has  boen  laid 
bare  half  way  up  the  steep  banks  of  a  river.  The  cost  of  working  is,  in  either  case,  ex- 
tremely small,  and  should  hardly  exceed  a  shilling  or  eighteen-pence  per  ton  at  the  month 
of  the  tunnel.  Such  a  tunnel  or  gallery  is  called,  in  mining  language,  a  level  or  adit ; 
and  the  coal  being  pierced  by  one  such  level,  and  cut  into  by  others,  driven  through 
to  right  and  left,  a  large  quantity  can  be  readily  obtained  with  veiy  little  difficulty. 

Deep  Wosklnge.— In  the  case  of  deep  coals  it  is  certain  that  no  general  rule  of 
working  can  possibly  be  applied  to  all ;  and  each  individual  scam,  and  group  of  seams, 
must  be  dealt  with  according  to  the  thickness  of  the  coal,  its  dip,  or  angle  of  inclination 
to  the  horizon,  its  hardness  or  tenderness,  the  quantity  of  gas  exuding  from  it,  the 
nature  and  extent  of  the  faults,  the  nature  of  the  roof  and  floor  (or  beds  immediately 
overlying  and  underlying),  the  depth  firom  the  surface  of  the  workings,  and  many 
other  circumstances. 

Still,  notwithstanding  these  points,  there  are  distinct  methods,  some  one  or  other 
of  which  is  more  applicable  than  others  in  each  particular  case.  The  method  of  working 
highly  inclined  scams  (edge  coals),  is  different  &t>m  that  used  when  the  coal  is  hori- 
zontal or  nearly  so ;  the  method  when  the  roof  is  bad  and  leaky,  the  coal  near  the 
surface,  free  from  gas  and  thick,  and  the  property  of  moderate  extent,  is  also  difiEerent 
from  that  required  when  the  seam  is  of  average  thickness  (not  more  than  ten  feet), 
with  good  roof,  deep,  and  abounding  with  gas.  A  short  description  of  the  preliminary 
processes  of  boring  and  sinking,  which  axe  required  whenever  the  coal  lies  deep,  and 
of  the  principles  involved  in  the  different  methods  alluded  to,  will  afford  sufficient 
illustration  of  coal  mining  for  the  pxirposes  of  this  treatise. 

Bozing  is  an  operation  not  peculiar  to  coal  mining,  though  largely  used  for  that 
purpose  as  a  preliminary  to  sinking,  in  doubtful  cases.  This  process  removes  a  small 
portion  of  the  rock,  and  enables  the  material  to  bo  observed,  and  a  correct  opinion 
obtained  as  to  the  feeders  or  springs  of  water  pierced.  It  is  not  expensive  for  moderate 
depths,  but  tedious  and  costly  when  carried  down  beyond  fifty  fathoms  of  oniinary 
ground.  Several  borings  are  desirable  in  an  untried  field,  in  order  to  obtain  a  &h> 
opinion  as  to  the  direction  and  amount  of  the  dip,  the  presence  of  faults,  the  thickness 
of  the  coal  seams,  the  nature  of  the  roofs,  &c. ;  and  also  in  an  old  and  partly-worked 
district,  when  former  workings  aro  suspected  to  exist,  but  are  not  acoitrately  known, 
and  are  supposed  to  be  charged  with  gas  or  water. 
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nuift  Sinking. — When  the  position  of  a  coal  scam  has  been  determined,  or  is 
knovn,  and  some  idea  of  the  property  obtained  hj  boring,  it  is  necessary  to  sink  a  shaft 
to  reach  or  win  the  mineral.  When  the  distance  to  be  sunk  is  inconsiderable,  and  the 
dip  small,  the  position  of  the  pit  is  of  little  importance,  particularly  where  there  is  no 
amount  of  water  to  be  apprehended,  and  nothing  tmuBual  in  the  rocks  to  be  gone 
through.  A  pair  of  pits  should  then  be  put  down  at  once,  and  the  diameter  of  each 
need  not  exceed  eight  or  nine  feet  diameter,  unless,  indeed,  pumping  is  likely  to  be 
required  for  the  remoTal  of  water.  In  this  case  the  engine  shaft  must  be  somewhat 
larger.  Where  the  coal  is  deep,  the  sinking  expennre,  and  much  water  likely  to  be 
met,  the  expense  of  two  pits  haSi  sometimes  been  regarded  as  too  great,  and  one  large 
shaft  of  fourteen  or  fifteen  feet  resorted  to,  a  division  being  made  in  it  by  wooden  par- 
titions of  great  strength,  technically  called  brattices.  It  is  hardly  considered  good 
mining,  at  the  present  day,  to  sink  a  single  shaft  under  such  circumstances ;  nor  is  it 
altogether  justifiable,  as  the  danger,  in  case  of  accident  from  any  cause,  is  far  greater 
then  when  two  are  adopted. 

The*  depth  of  existing  shafts  extends,  in  some  few  cases,  to  as  much  as  three 
hundred  fathoms.  One  hundred  fathoms  is,  howeyer,  a  depth  below  which  it  is  not 
often  required  to  go  in  order  to  reach  coal  in  a  known  coal-field,  where  the  works  are 
not  of  an  unusual  character.  In  such  case,  great  hardness  of  the  rock,  the  presence  of 
soft  sands  and  unsound  rotten  days,  or  a  large  body  of  water,  are  the  chief  causes  of 
extraordinary  expenses  in  the  operation. 

When  a  sinking  has  been  carried  on  through  the  Tegetable  soil,  and  alluTial  or 
dilurial  oovering,  and  has  reached  the  actual  rock  (the  stone  strata,  as  they  are 
sometimes  called),  water  may  be  expected,  and  may  come  either  from  surface  springs 
depending  on  the  seam  and  the  surrounding  country,  or  from  partial  feeders  which 
gradually  decrease  and  ultimately  die  out,  or  permanent  feeders  connected  with  large 
areas  of  drainage,  and  remaining  unaltered  for  years.  These  latter  must,  at  any  expense, 
bo  stopped  back,  and  not  only  prevented  ftt>m  entering  the  shaft  at  the  time,  but  from 
draining  down  into  the  mine  when  the  shaft  is  ultimately  completed.  Every  important 
feeder,  or  spring  of  whatever  kind,  must,  however,  be  carefully  kept  back  in  a  shaft 
intended  to  work  a  deep  and  important  mine,  and  a  large  property. 

Tabbing. — ^There  are  several  kinds  of  stopping  out  water,  or  tvhbing^  as  it  is  called, 
commonly  used.  Stone  tubbing^  which  involves  merely  a  water-tight  stone  wall,  jointed 
and  fastened  at  the  back  with  cement,  and  answers  for  light  pressures,  but  is  not  to  be 
trusted  in  important  works ;  Flank  tubbing,  often  adopted  in  old  mines,  and  capable  of 
being  made  very  strong  *,  Solid  wood  tubbing,  a  great  improvement  on  planks ;  and  Metal 
Utbbinffj  now  commonly  resorted  to,  and  far  the  most  efficacious.  The  wooden  tubbing  was 
usually  completed  witii  two  and  a-half  or  three  inch  deals,  and  would,  when  fireeh,  bear 
a  pressure  of  one  hundred  pounds  to  the  square  inch.  Exposure,  however,  frequently 
injured  it  In  all  cases,  the  fbundation  of  a  permanent  tub  should  rest  on  a  water-tight 
ftratuuL 

The  present  mode  of  tabbing  with  segments  of  cast  iron,  is  both  more  rapid  and 
more  eiBcacioiu  than  any  other.  The  size  and  thickness  of  the  iron  varies  according  to 
the  expected  pressure ;  but,  generally,  the  length  is  from  three  to  four  feet,  the  height 
two  feet,  and  the  thickness  about  an  inch,  or  even  more  in  serious  cases.  The  segments 
are  fitted  by  overlap  flanges  at  each  end.  Daring  the  time  that  the  tubbing  is  being 
fitted,  the  shaft  has  to  be  kept  dry  by  pompicg.  This  is  often  a  very  serious  difficulty, 
as  may  be  supposed  from  the  fact  that  many  thousand  gallons  of  water  per  minute  may 


Digitized  by  LjOOQiC 


NEWCASTLE  XETBOD  OF  WOEEING  COAL. 


hava  to  be  lifted  the  vhole  length  of  the  shaft.  The  tubbing,  vhon  well  •oaelraeted, 
is  perfecti J  efficaciotus  and  the  shaft  left  completely  dry  for  further  sinking.  In  certain 
cosea^  however,  the  qnings  of  water  thus  kept  back  are  chaiged  with  mineral  salt^ 
and  are  extremely  corroaiye;  and  here  the  iron  in  time  beoomea  altered,  and  enre& 
changed  into  a  kind  of  impore  plumbago,  sufficiently  soft  to  be  cut  with  a  knife.  When 
thus  weakened,  the  tubbing  has  oocasionaUy  giyen  way,  letting  down  the  water  and 
drowning  the  mine.  Scyeral  springs  are  frequently  met  with^  in  sinking  to  a  deep 
recovery.    Each  of  theae  has  to  be  treated  separately,  and  tubbed  out  indepesideatly. 

PUais  of  Woskiii€« — We  may  now  sup^se  the  colUer  so  far  advanced  as  to  have 
reached  the  seam  of  coal  he  is  about  to  wodc,  and  it  remains  only  to  remove  the  mineral 
from  its  position  in  the  bed,  and  bring  it  to.  the  sur£ue  fit  for  use  or  sale.  Thae  ar^ 
however,  several  ways  of  proceeding,  each  of  which  has  its  advantages,  and  is  adopted 
in  some  particular  district;  and  we  Damst  consider  the  pssfntiiil  features  beknging  to 
these  of  most  importance. 

It  may,  indeed,  be  thought  strange  that  any  great  diffisrenoe  should  exist  in  iha 
mechanical  contrivances  for  removing  a  mineral  which  everywhere  possesses  lBh&  same 
general  characteristics.  But,  in  the  first  place,  coal  difiers  exceedingly  in  tbicViinfls,  in 
itxQ  &cility  with  which  it  is  woiked,  in  the  abundanoe  of  inflammable  gaa  given  o%  in 
the  power  of  resisting  pressure,  and  in  many  other  points  of  importanos.  Besides  tfai% 
the  roof  and  floor  vary  extremely;  the  depth  of  the  anperincnmbent  mass  is  in  some 
mines  far  more  considerable  than  in  others ;  and  the  style  of  working  must  ev«n  depend, 
in  some  measure,  on  the  magnitude  of  the  pn^perty,  and  the  number  of  acres  of  coal  to 
be  extracted.  Thus  it  is  that  a  plan  of  working  is  really  essential,  and  the  oljeet  of 
the  plan  will  be,  to  get  as  much  as  possible  of  the  coal  in  a  large  state  (called  round 
coal)  at  BB  low  a  cost  as  can  be  oontrived,  and  without  running  a  xisk  of  the  re- 
maining coal  being  crushed  or  injured  by  the  snbsequent  failing  in  of  the  reefl 
Where  possible,  almost  the  whole  of  the  coal  should  ultimately  be  obtained. 

The  methods  of  working  adopted  in  England  may  be  grouped  into  three,  which, 
however,  are  often  combined.  These  ne—J9rtty  the  pillar  and  stall,  or  bord  and  pillar, 
adopted  in  the  Newcastle  coal-field ;  tecondlp,  the  long  wall,  as  adopted  in  Derbyshire, 
and  some  parts  of  Y(Nrkahire;  and,  thirdly ^  that  employed  in  South  Staffordshire  for 
working  the  thick  coal.  Of  these,  the  former  is  by  far  the  moat  completely  dsvekiped, 
and  admits  of  the  most  perfect  ventilation,  but  it  is  not  so  economical  as  the  second. 
The  third  is  only  a  modification  adopted  when  the  coal  is  too  thick  to  be  got  ovt  by 
one  level.    The  principles  involved  in  each  method  are  easUy  explained. 

In  working  by  the  bord  and  pillar,  the  coal  is  at  first  got  only  from  comparativdly 
narrow  galleries,  parallel  to  each  other,  cut  through  the  eoal  on  its  rise ;  and  others,  at 
intervals,  intersecting  them  at  right  angles.  Thus  the  whole  of  the  aeam  of  cool  within 
the  property  worked  is  reduced  to  laige  rectangular  piUais  between  these  gaUsEias,  the 
pIllacB  being  left  to  support  the  roof.  The  diaft  being  supported  by  sufficient  ooal  all 
round,  and  the  roads  also  protected  in  a  similar  way,  the  mine  is  safely  worked  in  this 
fiuahion;  and  afterwards,  by  eutting  the  pillars  through  and  at  last  removing  them, 
Bsplacing  the  coal  for  a  time  by  stout  wooden  prc^w,  which  are  also  ultimately  rauoivcd, 
a  large  per  centage  of  the  coal  is  got  away,  though  in  most  part  of  the  pillioa  it  i*  too 
much  crushed  to  yield  round  coeL  There  is  thus  a  oonsidarabU  loss,  and  the  roef  ia 
left  to  fiedl  after  the  coal  is  removed,  thus  producing  a  broken  hoUow,  like  an  inverted 
funnel,  technically  called  a  yoo^,  or  else  allowing  the  sai&ee  to  sink  in  what  ia  known 
as  a«rtQi. 
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Of  late  years  all  largo  mines  have  been  worked  in  panels,  or  divifiions,  shut  off  from 
0XU3  anotlier  bj  a  sufficient  thickness  of  coal  to  prerent  an  accident  from  extending 
beyond  one  pand^  and  allowing  of  better  regulation  of  the  ventilation.  When  the 
great  magnitude  and  importance  of  rentilalion  in  a  coal-mine  is  taken  into  account,  the 
value  of  this  modification  will  be  felt  to  be  very  great.  We  shall  have  oceasion  to  recur 
to  this  subject. 

By  the  long  wall  method  the  whole  of  the  coal  is  got  at  one  operation^  either  by 
working  from  the  shaft  towards  the  rise  of  the  coal,  and  making  fukh  roadways  through 
the  fallen  roof  by  strong  stone  continuous  pillars,  or  by  driving  first  to  the  extremity 
and  working  the  coal  back  towards  the  shaft,  leaving  the  goaf,  or  rubbishy  of  fiUlcn 
roof  behind,  and  neglecting  to  keep  roads  through  the  goaf.  Where  the  goaf  is 
not  dangerous  from  the  presence  of  gas,  and  the  rooi  will  admit  of  it,  this  method  is 
both  economical  and  efficient,  as  the  whde  of  the  coal  is  at  once  removed  on  a  long 
face,  and  is  not  subject  to  the  partial  crushing  that  takes  place  when  pillars  are  l^. 

The  thick  coal  is  worked  in  south  Staffordshire,  and  the  neighbourhood,  in  a  very 
izregular  mode.  Small  pillars  are  left  at  irregular  intervals,  and  sometimes  theae 
pillars  are  removed ;  but  in  aU  cases  there  are  walk  of  coal  left  at  moderate  distances 
apart.  The  coal  in  this  district  is  parted  by  thin  bands  of  clay,  bat  the  whole  is 
removed.  In  all  these  cases  the  general  system  of  working,  when  the  coal  ia  reaehed, 
is  in  some  respects  the  same ;  a  deep  groove  being  cut  into  the  bed  at  its  lower  part, 
and  the  rest  thrown  down,  either  by  wedging  or  blasting. 

NokIoub  0«SM^-There  are  causes  of  danger  and  expense  in  coal-mining  which 
are,  to  a  certain  extent,  independent  of  the  ordinary  mineral  and  geological  condition  of 
the  measures,  but  which  often  require  the  ap]^icaAion  of  great  experience  and  enginewing 
knowledge.  Each  of  these  also  may  be  refunded  as  capable  of  affecting,  in  almost  any 
degree,  the  value  of  coal  property,  and  modifying  the  style  of  weridng.  The  fimhed 
structure  of  carboniferous  rocks,  already  alluded  to,  is  one  of  these;  and  aknowledge  of 
the  systems  of  faults  that  exist  in  a  coal-field  ia  of  extrone  importance  to  the  seientific 
viewer,*  and  should  bo  the  object  of  his  careftil  and  never  ceasing  study.  Connected 
with  this  is  the  question  of  water,  also  vitally  important,  both  aa  involving  manage- 
ment in  sinking,  and  in  subsequent  pumping  from  the  bottom,  where  sometimea  there 
ore  large  feeders  tapped.  But  tho  f^t  that  many  kinds  of  coal  not  only  yield  large 
qnantitiea  of  light  oarburetted  hydrogen  gas  on  distillation,  but  exude  such  gas  on 
simple  exposure,  especially  when  recently  laid  bare  and  remaining  under  preasuve,  is 
£nr  more  important,  aa  involving  the  neceasity  of  careful  ventilation  through  all  the 
workings,  and,  in  spite  of  all  care,  beoomang  the  fSartile  aouroa  of  some  of  the  most 
frightful  accidenta  by  which  human  life  ia  destroyed. 

The  gaa  thus  referred  to  is  called  by  miners  fif^-dampy  or  aimply  iamp^  and  It  only 
met  with  in  mining  certain  kinds  of  eoaL  It  is  especially  abundant  in  ^e  Nowoastlfi 
eoal-fleld;  and  this,  eombined  with  other  canaea  of  difficulty  and  dmger,  has  rendered 
it  necessary  to  bring  to  bear  in  that  district  tho  greatest  amount  of  skill  and  caution. 
Elseiwbere  what  is  called  tkolht'damp  prevails,  thia  bein^  earbonio  aeid  gaa;  and  it  is 
not  unlikely  that  other  gasea  av»  mixed  from  time  to  time  with  thaae.  When  it  ia 
remembered  that  a  large  number  of  men,  and  often  many  horses,  are  employed  under- 
ground, and  that  fi^uantly  there  are  milea  of  underground  paasagea  and  hundreda  of 
mi&en  wilheut  more  than  two  or  three  ahafbs  communicating  with  the  upper  air— and 

*  The  raginccr  wlio  Is  rCflponslMe  for  ptaaaf ag  and  saperlhteiidiag  eoaI«oIaiBg  operatioas,  teCh 
abofa  and  ondrrgrooBd,  is  tealmlcally  oalled  s  vifnifr. 
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these  only  chimneys,  many  hundred  feet  long,  and  of  small  area — no  one  will  be 
suipriscd  that  the  air  becomes  vitiated,  and  that  a  small  addition  of  foul  gas  renders  it 
unfit  for  the  support  of  life.  Where,  however,  gas  of  whatever  kind  comes  off  with 
any  degree  of  regularity,  the  mechanical  means  of  ventilation  commonly  adopted,  and 
which  will  be  presently  described,  are  sufficient.  It  is  only  when  there  are  sudden, 
imexpccted,  and  large  jets  of  gas  instantaneously  poured  forth,  and  when  this  gas, 
mixed  with  common  air,  becomes  highly  explosive,  that  the  real  danger  arises. 

Ftare-daa&p.— It  has  been  already  said  that  gas,  such  as  is  commonly  burnt  to  light 
our  streets  and  houses,  issues  from  a  freshly-exposed  surface  of  coal  in  the  mine.  This  gas 
is  much  lighter  than  common  air,  and  when  first  liberated  remains  in  the  hollows  and 
irregularities  on  the  roof  adjacent.  But  it  soon  mixes  with  the  air  around ;  and  when, 
either  fcom  faulty  ventilation  oi^excess  of  gas  liberated,  the  quantity  of  gas  amounts  to 
or  exceeds  one  part  in  fourteen  of  the  atmospheric  air,  the  mixed  air  thus  produced 
becomes  highly  explosive.  If  it  continues  in  this  dangerous  state,  the  air  in  a  large 
part  of  the  mine  may  become  similarly  explosive ;  and  on  contact  with  naked  flame  it 
suddenly  takes  fire— the  result  being  the  production  of  a  large  quantity  of  carbonic 
acid  gas,  and  a  little  aqueous  vapour,  the  whole  absolutely  and  immediately  fiital  to 
existence.  Thus  a  coal-mine  accident  from  explosion  is  not  only  a  fearful  risk  to  all 
those  within  the  limits  of  the  scorching  flame,  but  certain  death  to  all  who  are  exposed 
to  the  poisonous  gas  that  remains.  The  issue  of  the  gas  in  the  mine,  in  the  ordinary 
way,  is  recognised  by  a  peculiar  hissing,  or  low  singing  noise,  distinctly  heard  when 
other  noises  are  quieted,  and  even  recognisable  sometimes  when  several  people  are 
talking  together.  This  noise  varies  in  different  mines,  and  seems  to  be  afi[ected  by  i 
atmospheric  conditions,  increasing  when  the  barometer  falls,  and  diminishing  when  it 
rises.  The  quantity  of  the  gas  thus  g^ven  off  varies  considerably, — some  mines  becoming 
dangerous  if  the  ventilation  is  checked  for  a  very  few  hours;  while  in  others,  where 
the  singing  is  not  less  marked,  many  days  would  be  required  to  produce  this  efibct. 

It  is  not  quite  clear  whether  the  gas  comes  off  in  this  case  from  the  whole  of  the 
exposed  surface,  or  only  from  the  edges  between  two  of  the  thin  films  of  which  each 
stratum  is  made  up ;  nor  is  the  exact  nature  of  the  gas  evolved  in  all  cases  the  same. 
But  these  are  points  that  belong  rather  to  the  chemistry  of  the  subject,  and  which  need 
not  here  be  discussed.  The  important  matter  of  fact  in  the  coal-mining  question  is 
this,  that  in  certain  mines  a  gas  is  given  of^  which,  on  mixture  with  atmospheric  air, 
becomes  explosive ;  and  it  may  give  an  idea  of  the  extent  to  which  this  ordinary  issue 
may  extend  to  mention  that,  in  an  instance  on  record  (the  first  workings  of  a  seam  in 
the  celebrated  Wallsend  pit,  near  Newcastle-on-Tyne),  the  coal  actually  gave  off 
sufficient  gas  to  have  lighted  the  pit.  In  this  oaso  smaU  holes  might  be  drilled  in  any 
part  of  the  solid  coal;  and  on  sticking  a  tin  pipe  in  the  aperture,  and  applying  a  light, 
a  flame  was  pToduced,-^BO  that  the  whole  face  of  the  working  was,  as  it  were,  a  gas- 
pipe  ;  and  when  shots  were  fired  for  blasting  the  cool,  the  gas  was  generally  fired  at 
the  some  time  without  explosion. 

Kow  whatever  be  the  quantity  of  gas  given  off  from  the  pQres  or  edges  of  the  coal, 
the  ventilation  of  the  mine  ought,  under  all  circumstances,  to  bo  more  than  sufficient 
to  carry  it  off.  If  it  is  not,  the  danger  is  so  imminent  that  it  can  scaroely  be  con- 
sidered less  than  wilful  exposure  to  destruction  to  proceed  to  work  in  the  mine  at  all; 
for  the  slightest  derangement  of  any  part  of  the  apparatus  fbr  ventilation  is  then  almost 
certainly  followed  by  an  accident.  But  these  extreme  cases  are  rare;  and  there  is 
generally  no  difficulty  in  contriving  a  ventilation  which  shall  carry  off  the  quantity 
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crdinarily  liberated.  The  dangerous  part  of  working  a  mine  is  often  not  considered 
to  hare  commenced  in  this  early  stage  of  the  works;  and  it  is  iisual,  in  working  the 
whole  coal,  to  use  only  open  candles,  in  spite  of  risk.  It  is  an  important  fact,  that, 
Dotwithstandhig  this  opinion,  nnmerous  accidents  on  record  have  happened  when  the 
workings  were  in  this  state. 

There  are,  however,  other  cases  in  which  the  gas  is  liberated  not  so  oontinnonsly  as 
in  that  just  alluded  to,  and  in  a  much  more  dangerous  way;  these  unhappily  can 
scarcely,  if  at  all,  be  guarded  against,  and  seem  beyond  the  chance  of  improyement  by 
any  methods  of  ventilation. 

It  may  be  considered  as  a  principle  in  coal  mining  that  the  ordinary  rentilation 
should  carry  off  the  constant  issue  of  gas  without  allowing  it  to  accumulate  and  become 
dangerous ;  but  from  time  to  time  it  happens  that  at  some  crack  in  the  coal  seam,  or 
some  fault  or  slip,  often  quite  insufficient  to  derange  the  general  plan  of  working,  there 
proceeds  suddenly,  without  warning,  and  apparently  without  any  cause,  a  puff  of  gas, 
which  will  continue  sometimes  for  a  longer  and  sometimes  for  a  shorter  time,  and 
sometimes  perpetually ;  everything  about  this  being  uncertain,  and  therefore  not  to  be 
provided  against.  A  remarkable  instance  of  this  kind,  the  result  of  which  was  an 
accident  by  which  ten  persons  were  killed,  took  place,  a  few  years  ago,  at  Eillingworth, 
in  a  very  extensive  and  long-worked  pit,  on  the  north  bank  of  the  Tyne.  The  parti- 
culars of  this  accident  are  interesting  and  instructive,  as  it  occurred  while  working  the 
whole  coal,  with  open  lights,  in  a  mine  under  the  management  of  Mr.  Nicholas  Wood, 
one  of  the  most  eminent  viewers  in  the  kingdom. 

Xmiiigwmlh  Accident.— In  this  case.  Hie  immediate  cause  of  the  accident  was 
traced  to  a  small  fault,  which  had  been  reached  some  time  before,  but  which  had  sud* 
denly  (between  llie  going  off  of  one  set  of  men,  and  the  coming  in  of  another)  liberated 
a  large  quantity  of  gas,  and  filled  a  space  of  about  two  hundred  cubic  yards  with  highly 
explosive  gas.  The  roof  was  hard,  and  the  crack  barely  sufficient  to  allow  the  hand  to 
be  put  in  it.  The  explosion  took  place  in  consequence  of  the  foolish  advance  of  a  boy, 
wi^  a  lighted  candle,  who  preceded  the  man  whose  business  it  was  to  observe  the  state 
of  fbe  workings.  AU  the  party  were  killed,  and  stoppings  or  walls  were  blown  down, 
consisting  of  two  ten-inch  brick  walls,  and  a  series  of  five  alternations  of  one  yard  of 
rubble  wall,  and  four  feet  of  rubbish,  to  a  total  thickness  of  forty  feet.  The  gas  con* 
tinned  to  igsae  rapidly,  and  for  thirteen  days  after  the  accident  might  have  been  lighted 
and  burnt.  At  that  time,  indeed,  it  was  impossible  to  approach  the  scene  of  the  explosion 
within  several  yards  with  a  lighted  lamp,  as  the  atmosphere  contained  too  small  a  pro- 
portion of  oxygen  to  support  flame. 

It  will  be  seen  that  the  danger  was  here  absolutely  impossible  to  provide  against, 
as  increased  ventilation  would,  if  anything,  have  increased  the  evil,  and  no  ventilation 
could  have  been  so  contrived  as  to  carry  off  a  sudden  addition  of  so  large  a  quantity  of 
gas  without  forming  an  enormous  quantity  of  explosive  mixture.  On  tiie  other  hand, 
the  immediate  cause  of  the  accident  was  carelessness  of  the  grossest  kind  on  the  part  of 
the  man.  whose  chief  duty  it  was  to  go  first  to  see  whether  danger  existed.  Had  he  done 
this,  he  would  have  been  able  to  discover  the  state  of  the  workings,  and  might  have 
prevented  the  accident  by  giving  timely  warning  to  the  men  bringing  open  lights. 

Qoaf. — Another  cause  of  danger,  whieh  has  not  been  provided  against,  but  which, 
thou^^  undoubtedly  very  serious,  does  not  appear  to  have  been  followed  by  many 
accidents,  consists  of  the  accumulation  of  gas  in  those  broken  roofs  of  the  mine  which 
are  known  locally  under  the  name  of  goaf. 
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The  goaf  is  the  result  of  «  peonliar  mode  of  woiking  the  coal,  by  which  the  roof  | 
of  sandrtone  or  shale  is  alloired  to  &11  by  dq^rees.    It  shoiild  be  stated,  howerrer,  tfaait  ' 
thaore  azeihree  distinct  methods  of  woiking,  in  which  a  goaf  occuis—namely,  €m  leaTing  | 
a  goaf  eatirdy  behind,  leaving  it  partly  behind,  and  leaving  it  in  the  middle  of  the 
works.    The  opinions  of  practical  men  in  the  north  are  still  divided  as  to  the  xdatiTe  j 
value  andTektiYe  danger  of  tiioae  methods ;  but  the  Tontilation  that  would  ronder  the 
one  safe  would  manifestly  be  useless  for  another;  so  that  here,  agaiJ^  the  elementazy  I 
ptinaiples  of  eoal  mining,  with  a  -view  to  yentilatkm,  require  to  be  carefully  adiyted  to 
the  particular  case.  i 

The  goaf  being  of  the  nature  of  a  funnel,  the  light  gas  will  drain  into  the  upcper  portion  | 
of  it ;  and  in  cases  where  there  are  not  'Uumy  faults,  might  sometimos  bo  brought  to  the   ' 
sur&ee  in  shallow  mines,  either  aooording  to  a  mothod  proposed. by  Hr.  Eyaa,  and 
adopted  in  South  Staffinrdahire,  or  by  the  uppor  strata  boing  pieroed  or  bored  from  the   i 
suefaoe  before  being  worked.  ^  The  former  method,  -consists  in  running  a  gaUery,  or 
headway,  as  it  is  called,  above  the  working  headway  to  the  highest  place  wodced,  and  I 
boring  down  from  different  points  to  meet  the  coal.     The  gas  then  eac^tes,  rising  ' 
naturally  to  the  sur&oe.    It  is  probable  that  the  adoption  of  this  method  might  at 
least  some  times  be  tried  in  the  north  of  England  with  advantage ;  but  it  is  no  doubt 
more  likely  to  be  suocossfal  in  the  mines  of  Wales  and  South  Btaffordahire, 

Jaixow  Ac«iAeat«— An  accident  that  oocuired  at  Jaixow  CoUiciy,  about  the 
same  time  as  that  at  KiUingworth,  was  also  the  result  of  a  blower  or  leader  of  gas 
suddenly  given  off;  but  in  this  case  the  ozact  spot  was  not  known,  as  the  gas  had 
oeased  to  come  away  when  the  mine  was  in  a  condition  to  be  examined.  At  the  great 
explosion  at  HasweU,  on  the  other  hand,  on  the  28tiL  of  S^tember,  1844,  the  aocident 
occurred  near  the  goaf;  and  as  it  illustrates  another  point  of  interest,  it  is  worth 
while  to  give  a  brief  aeoount  of  the  accident.  

BaswttU  Acoidsnt^—Thc  Haswell  Boyalty  includes  about  a  thousand  acres  of 
surfiEicc,  and  was  at  that  time  worked  entirely  from  two  ehafts.  In  the  -seam  in  which 
the  accident  happened  (the  Hutton  seam)  the  greater  part  of  tho  mineral  has  been 
already  obtained  ah.d  the  pillars  left  to  support  the  roof  have  been  partly  taken  away. 
Tho  districts  in  which  the  coal  is  worked  (the  panaU)  are  not  Teiy  large,  but  unfor- 
tunately thoy  have  been  allowed  to  run  too  much  into  one  another.  The  accident 
occurred,  it  is  supposed,  at  or  near  a  particular  spot  where  two  of  tho  diviaians  or 
panels  approximate. 

Now  if  in  this  case  the  separation  between  each  panel  had  been  complete,  and  there 
had  also  been  a  distinct  passage  from  each  panel  to  the  pit-bottom,  it  is  oertain  that  all 
the  persons  in  the  o^r  panels  might  haye  been  perfectly  safe.  As  it  was,  between 
forty  and  fifty  persons  were  unfortunately  left  in  the  working  most  distant  fixnn  the 
pit  bottom,  not  one  of  whom  escaped.  More  than  half  the  whole  number  killed  might 
probably  have  been  saved  if  a  free  and  safe  communication  had  existed. 

The  practicability  of  adopting  any  method  that  should  have  for  its  object  the  com- 
plete separation  of  different  workings  of  the  mine,  depends  partly  on  expense  and  partly 
on  the  degree  to  which  tho  main  cuirent  of  air  can  be  so  far  subdivided  as  to  Tentilate 
many  distinct  districts.    In  both  these  respeots  tho  case  is  clear  and  satisfactoiy. 

▼entilatioii. — Let  us  next  consider  how  all  these  different  points  bear  upon  the 
main  subject  of  the  ventilation  of  coal-mines,  as  connected  with  the  most  economic  and 
safe  methods  of  working  such  mines.  From  the  very  nature  of  the  case,  we  have  a 
number  of  tall  chimneys  (usually  considered  necessary  cmd  sufficient  to  create  a  strong 
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drtuglit  of  air)  in  ^ae  aba&a  already  aunk  to  Teach  the  coal ;  we  only  veqnize,  there* 
Ave,  aome  meani  to  set  the  air  m  motioD ;  and  of  all  means  the  iiiznaoeaa  ihe  noat 
Teadf  cftd  natural.  In  a  coal-mine,  aocordingly,  where  there  are  tarn  ahafti,  or  whan 
m  the  abaenee  of  a  aeeoad  shaft,  the  one  is  divided  into  two  parte,  a  fdaiaoeiasLirmxB 
lilaeed  at  the  bottom  of  one,  and  fonns  what  ia  called  the  up-^tui,  ooonreying  againie 
the  nu&oe  flie«zr  whioh  has  been  dniwn  down  the  eihsr,  or  dotenoa^  abafi;,  after  it  has 
been  forced  to  imub  tinrough  all  or  part  of  .the  woddngs.  The  air  hroug^t  into  the  mine 
throng^  the  downoeat  shaft  is  oaUed the  *^ in-takt/*  and  whenit  baa  got  past  tbenbief 
wo^dng,  and  is  on  its  way  towards  the  npcaat,  it  is  then  called  the  *^  rtttmu" 

The  fumaee  ofliara  a  means  of -prodnoing  almost  any  ammmt  of  oidinaiy  Tcniilation; 
snd  by  means  of  oonttiTanoes  easily  applied,  it  is  «  safe  reaoorae,  even  whan  part  of 
the  air  brought  out  of  the  mine  is  in  an  explosiye  state.  This  portion  is  generally 
eooduDted  along  a  aeparate  course,  and  made  to  enter  the  shaft  twenty  or  thirty  feet 
abonre  the  fomaeo.  The  draught  is  there  sufficient  to  carry  it  up ;  or  if  not,  a  portion 
of  ftodk  «ir,  admitted  from  below,  eflfeotnally  and  safely  gets  rids  of  it  A  oantrxvance 
of  lliiB  kind  is  common  in  aU  'fiery  mxnea,  and  is  called  the  dumb  fumaoe. 

When  a  qufmtify  of  air  is  thus  obtained  in  circulAtion,  the  next  natter  to  be  dia- 
I    cussed  is  the  best  method  of  making  use  of  it. 

I  Cowwlns  tlae  JUx.— Theve  is  one  yery  obyioua  method,  which  waa  iin-  a  long  time 

;    ftdopted-*^oamely,  to  force  the  whole  of  the  air  to  pass  in  sooeeesion  tixrougH  aU  Iho 

.   paasagea  and  galleries  by  preyenting  commnnication  between  them  except  in  one  direo- 

{    tion.    But  it  was  foond,  after  a  time,  that  this  amjde  method  was  both  inefficient 

I    and  unequal.    In  order  to  get  any  cnnqpt  at  all  in  the  awnending  calnnm,  it  wasneoeB- 

aary  to  hayeayery  large  supply  drawn  along  narrow  passages  fbr  a  distanoe  amoontingin 

j    aoBBO  eases  to  sixty  or  seventy  miles.    The  nrte  of  progress  was  of  oonrse  yery  alow,  and 

the  risk  of  danger  enormously  great ;  while  if  the  air  was  foul  anywhere,  t^e  whole  of 

that  gas  was  carried  through  the  rest  of  the  workings,  and  the  Tentilation,  for  all 

cdfectiye  purposes,  lamentably  deficient.    Pairs  of  gaUeries  were  sometimes  yentiUted 

I    togetixer ;  and  often  a  large  extent  of  the  broken,  or  district  whence  ike  cool  had  been 

partially  extracted  and  tho  pillars  left,  was  often  altogether  xmyentilated.    It  was 

found,  howeyer,  at  last  that  if  a  cuxxent  of  air  was  allowed  to  select  between  two 

districts,  both  of  which  communicated  with  the  upcast,  it  did  not  take  the  shoitest 

way  and  leaye  the  other  untrayersed,  but  diyided  itself,~a  certain  part  going  off  through 

one  set  of  galleries,  and  a  certain  part  also  through  the  other  set.    When  it  was  tried 

what  the  quantity  of  air  thus  passed  in  each  case  might  be,  it  appeared  that  the 

sum  of  the  two  quantities  was  yery  much  greater  than  what  had  passed  through  before 

In  this  way  the  inq>ortant  principle  was  established,  that  ihequanHty  ef  aW  knught 

dottm  into  a  mitie  might  be  increased  by  increasing  the  nutnber  of  distinct  currents  io  tks 

upcast  shaft.    It  remained  to  determine  to  what  esltent  this  method  is  ayailable. 

SfUtUag  tbm  Alv.— Experiments  are  still  wanting  to  settle,  in  a  sotis&etory 
manlier,  this  extremely  interesting  and  important  question ;  but  to  obtain  some  idea 
of  the  immediate  cfiect,  an  experiment  was  mode  by  the  author,  accompanied  by  Mr. 
Nidmlas  Wood,  in  a  new  mine  (Tyne  main),  at  a  time  when  it  had  been  only  recently 
opened,  on  the  south  bank  of  the  Tyne.  In  this  mine  the  air,  as  it  reached  the  bottom 
of  the  downcast  shaft,  was  split  into  three  currents,  the  principal  one  going  into  the 
north  diaCrict!  On  measuring  this,  by  counting  the  number  of  seconds  during  which 
the  smoke  of  gunpowder  is  conyeyed  fo7  a  certain  distance,  it  was  found  that  twenty 
thousand  cubic  feet  pet  nnnuto  must  haye  passed  into  the  workings,  moying  at  the  rate 
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of  fbur-and-aphalf  miles  per  hour.  Haying  decided  this,  a  oommunioatioii  direct  to  tha 
funiaee  was  opened,  by  means  of  which  free  way  was  allowed  to  the  air  to  escape  imme- 
diately to  the  surface ;  but  the  e£Eect  was  only  to  reduce  the  supply  into  the  workings 
£rom  twenty  thousand  to  sixteen  thousand  feet,  although  the  total  amount  of  twenty 
thousand  were  now  passed  over  the  furnace  direct  The  quantity  of  air  brought  down 
was  thus  increased  by  four-fifths  of  its  former  amount  by  this  operation  of  splitting. 

The  reeolt  of  the  discoTcry  of  this  power  of  splitting  the  cuirent  of  air  has  been 
extremely  important.  Instead  of  tiie  air  tzayelling  forty,  fifty,  or  even  seventy  nules, 
as  it  did  formerly,  it  is  now  rare  to  find  an  air-course  of  greater  length  than  about 
four  miles  in  a  weU-regulated  colliery.  There  can  be  no  doubt  that  the  general 
health  of  the  miners  must  be  improyed,  as  well  as  the  danger  of  explosions  lessened, 
by  the  introduction  of  the  plan. 

It  should  not  be  forgotten,  that  a  due  application  of  such  a  method  requires  some 
knowledge  and  experience.  In  order  to  obtain  full  benefit  from  it,  the  mines  should 
be  properly  superintended;  for  although  these  methods  are  adopted  and  admirably 
contrived  so  as  to  be  most  effectual  in  the  larger  mines,  yet  where  there  is  no  oon- 
stant  superintendence  of  an  intelligent  viewer,  it  is  scarcely  to  be  expected  that  any 
great  care  should  be  taken  about  the  matter. 

Boon  and  Stoppings. — ^The  principle  of  splitting  the  air  once  admitted  and 
applied,  the  actual  ventilation  of  a  mine  requires  that  there  should  be  provided  a  certain 
set  of  doors  and  stoppings,  some  permanent,  some  moveable,  some  only  partial ;  all  of 
which  require  to  be  well  planned  at  first,  adapted  to  the  general  method  of  ventila- 
tion, and  constantly  superintended  by  efficient  overseers.  Much  of  the  value  of  the 
ventilation  depends  on  minute  attention  to  details,  which  it  would  be  tedious  to  describe ; 
but  perhaps  it  may  be  worth  while  to  mention  the  nature  of  the  different  kinds  of  doors, 
and  their  uses. 

Stoppings  have  been  already  alluded  to.  They  are  of  the  strongest  possible  con- 
struction, sometimes  twenty  yards  thick,  and  constructed  of  brick  and  rubble  wall  and 
rubbish.  Notwithstanding  their  strength,  they  are  often  blown  down  in  case  of  an 
explosion.  Small  openings,  about  twenty  inches  square,  with  what  are  called  mai» 
doors,  sometimes  communicate  through  a  stopping. 

The  main  doors  are  &r  less  solid  than  stoppings ;  but  are  still  very  strong,  made  of 
the  best  materials,  and  closing  accurately.  These  are  always  placed  in  pairs,  with  a 
space  between  them,  so  that  one  may  be  closed  while  the  waggon  is  going  along,  and 
before  the  other  is  opened.    In  the  most  important  places  there  are  three  such  doors. 

S?UU  doors  are  less  permanent  than  the  former  kind,  and  are  used  in  places  where 
the  work  is  proceeding.  They  communicate  through  the  brattices,  or  wooden  partition 
walls  which  conduct  the  column  of  air. 

Sham-doors  only  check  and  do  not  prevent  the  passage  of  air.  The  air  which 
escapes  through  the  doors  is  called  the  soak,  and  is  sometimes  used  in  partial  ventilation. 

Boys  and  old  men  are  generally  intrusted  with  the  opening  and  shutting  of  doors ; 
and  much  of  the  safety  of  the  mine  depends  on  this  being  properly  attended  to. 

In  the  management  of  the  ventilation  and  the  distribution  of  the  return  currents, 
which  all  gradually  unite  into  two,  it  is  often  necessary  that  one  current  should  pass 
over  another.    This  is  effected  by  a  strong  brick  arch  called  a  crossing. 

GaadlOB  and  Safety  Xrfunpa.— It  will  be  manifest  that  no  work  can  be  con- 
ducted under  ground  [without  artificial  light.  The  simplest  light  is  derived  from  small 
tallow  candles;  and,  for  many  reaEons,  this  is  the  most  convenient  and  most  economical 
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where  there  is  no  danger  of  the  contact  of  open  flame  with  inflammable  gas.  Formerlj, 
indeed,  aE  the  ordinary  work  of  a  mine  waa  conducted  bj  these  candlee;  and,  in 
case  of  an  accident,  a  clumsy,  inefficient,  and  dangerous  contriyanoe  was  adopted, 
called  the  Hsel  miUy  by  which  a  faint  light  was  produced  by  the  striking  of  a  rim  of 
steel  against  a  flint.  There  can  be  no  doubt  that  explosions  have  occurred  from  the  use 
of  this  instrument. 

In  the  year  1815  was  introduced  the  contriyanoe,  since  well  known  as  the  Bayy 
Lamp.  It  is  a  lamp  surrounded  with  wire-gauze,  of  a  certain  degree  of  fineness ; 
allowing  the  air  to  pass  freely,  and  only  intercepting  a  portion  of  the  light,  but  haying 
the  spaces  between  the  wires  too  small  to  permit  the  flame  of  an  explosion  to  pass.* 
Theoretically,  under  most  ordinary  circumstances,  this  lamp  is  perfect.  It  will,  how- 
ever, set  fire  to  explcsiye  mixtures  of  certain  gases,  and  will  allow  flame  to  pass  through, 
when  cither  the  flame  is  driven  through  the  gauze  with  a  blast,  or  the  lamp  is  moved 
very  rapidly,  producing  the  same  effect.  The  heated  gauze  may  also  occasionally  set 
fire  to  minute  fragments  of  bituminous  coal  floating  in  the  air,  and  adhering  to  the 
sides  of  the  lamp.  Generally,  however,  no  instrument  can  be  more  useful;  for  it 
possesses  the  advantage  of  simplicity  to  a  high  degree,  can  be  made  very  cheaply, 
and  is  not  heavy.  Many  other  ingenious  contrivances  have  been  suggested — ^all, 
no  doubt,  improvements,  in  one  sense,  of  the  Davy,  but  none  of  them  so  universally 
applicable.  The  GeordU,  as  it  is  called,  has  a  glass  defence  outside  an  ordinary 
Davy ;  and  this  form,  adapted  by  Mr.  George  Stephenson  the  engineer,  is  still  used  in 
the  Killingworth  pit,  where  he  worked. 

The  Mmssler  lamp,  highly  appreciated  in  Belgium,  is  greatly  more  complicated 
than  the  Davy,  and  has  not  been  much  used  in  this  country.  A  part  of  the  gauze  is 
replaced  with  glass,  and  there  is  a  small  chimney  within  the  lamp,  preventing  explo- 
sions of  a  dangerous  atmosphere  from  taking  place  inside.  More  light  is  given,  but  the 
lamp  is  heavy,  and  seems  likely  to  get  out  of  order. 

The  introduction  of  the  Davy  lamp,  as  an  ordinary  light  for  flery  mines,  is  a  matter 
of  great  importance ;  and  it  requires  to  be  considered  first  whether  it  is  practicable— 
secondly,  whether  it  would  be  absolutely  effectual— imd  thirdly,  whether,  even  if  not 
absolutely  effectual,  it  is  still  on  the  whole  advisable.  These'  are  all  points  that  ought 
to  be  carefully  investigated ;  since,  if  advisable,  then  it  is  clear  that  the  use  of  the 
lamp  should  be  generally  enforced,  under  heavy  penalties.  Let  us  consider  the  chief 
circumstances  of  the  case  : — 

It  is  certainly  practicable.  In  the  Wallsend  pit  there  were,  at  one  time,  one  hundred 
and  thirty  Davies  in  constant  daily  use.  It  is  true  that  they  show  a  alight  diminution 
of  light  as  compared  with  candles ;  but  this  is  not  sufficient  to  prevent  the  men  from 
prefenring  to  work  with  the  Davy  at  the  same  wages  where  the  ooal  is  more  easily 
broken  (more  tender)  in  consequence  of  the  pressure  of  the  roof  on  the  piUars.  In  some 
of  the  Prussian  and  Belgian  mines,  and  in  one  (the  Walker  coUiory)  in  the  Newcastle 
district,  no  open  lights  whatever  are  used.  In  neither  ease  have  accidents  happened 
which  oould  not  be  at  once  satisfieu;torily  explained ;  and  in  the  mines  on  the  Saare,  in 
Germany,  which  are  very  fiery,  several  hundred  safety-lamps  have  been  in  use  for 

•  The  eanse  of  this  is  easily  nndentood.  When  the  flame  Impiagss  od  one  side  of  the  gmuM,  the 
heat  is  rapidly  eondiifited  throoffh  it;  hat  owing  to  the  large  qnsntity  of  snrfioe  expoied,  the 
radiation  is  also  extremel j  rapid,  and  the  oater  snrfiMe  ia  cooled  down  below  the  point  anffldant  to 
ignite  the  inflammable  air.  When  the  mixture  of  gates  includes  oleflant  gas— or  sulphuretted  hydro- 
gen, which  bums  at  a  lower  heat— the  explosion  may  paw  through,  and  an  accident  occur ;  but  these 
cases  are  extremely  rare. 
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twenty-two  yoan,  dming^Huch  time  only  two  explosions  hare  occumed.  In  one  of 
them  three  meshes  of  the  ganze  had  been  destroyed  by  the  heat ;  in  the-  other,  tiiere 
had  been  a  ftU  of  the  roof  of  seyerol  tons,  which  had  broken  the  lamp. 

To  use  Davy  lamps  entirely,  in  fiery  mines  in  the^Newcastle  coal  fields,  wnnld  also 
be  a  yery  trifling  expense ;  not,  indeed,  amounting  to  more  then  a  few  hundred  pounds 
a  year  in  any  mine.  All  that  is  needed  is  an  ample  supply  of  good  lamps ;  a  few 
quick-sighted-  steady  men  to  giye  out  the  lamps  to  the  hewers,  and  lock  them  after 
examining  each  gaaze,  end  to  receive  them  at  the  close  of  the  work.  The  regulations 
ia  the  "Wallsend  Colliery  are  sufficient  to  show  the  perfectly  practicable  nature  of  an 
arrangement  of  this  kind,  and  are  produced  here  as  a  useful  illustration. 

oaoEas  anraomra  tom  oavt  -lkkw  in  vm  at  waclsestd  oolub&t. 

1.  No  workman  of  any  description,  "whetlier  overman,  deputy,  Lower,  or  any  one  whatever,  is 
allowed  to  tise  a  lamp  in  the  broken,  tidthoiit  its  having  been  previously  examined  and  locked  by 
the  lamp  ^Beeper  or  defpntj. 

3.  No  one  havinff  charge  of  a  Davy  lamp  is  allowed  to  interfere  with  it,  in  anyway  what* 
ever,  beyond  the  necessary  trimming  of  the  wide. 

8.  Should  any  accident  happen  to  the  lamps  whilst  in  use,  by  which  either  the  oil  is  spilt  upon 
the  gauze,  or  In  any  other  way  rendered  unsafe,  they  are  to  be  immediately  taken  to  the  Davy  boy 
at  the  station  appefnted  by  the  viewer  of  th«  colliery,  and  not  again  nsed  antil  they  have  been  pro- 
perlydeansod  and  examined  by  the  lamp-keeper  or  deputy. 

4.  In  case  of  any  sudden  discharge  of  gas,  by  which  the  lamps  may  become  filled  with  firo,  it  is 
strictly  ordered  that  all  lamps  are  to  be  instantly  withdrawn,  and  not  again  introduced  until  the 
workings  arc  pronounced  safe  by  the  overman  or  deputy  in  charge  of  the  pit. 

5.  In  case  of  any  person  having  charge  of  a  Dary  lamp  losing  his  light,  he  is  immediately  to 
take  it  himself  to  tho  Davy  boy,,  and  is  not  allowed  to  send  it  by  any  other  person,  and  it  not  to 
romove  any  of  the  stationary  lamps  in  tha  going  boards,  as  that  will  deprive  the  putters  of  their 
light. 

6.  Smoking  tobacco  is  strictly  prohibited  in  the  broken ;  and  persons  wishing  to  smoke  must 
come  to  the  out-by  side  of  the  lamp  station,  and  on  no  aeeount  attempt  it  in  the  workings. 

7.  No  candle  or  naked  light  to  bo  tokan  nearer  the  hraken  than  the  lamp  station. 

8.  No  putters,  way-cleaners,  stone-lads,  driven,  or  oihars,  are,  under  any  pretext  whatever,  to 
carry  a  lamp  during  their  work.  A  sufficient  number  of  lamps  wiU  be  hung  in  the  going  boards  »t\*\ 
wagon-way,  to  prevent  the  necessity  of  boys  carrying  lamps . 

9.  It  Is  particularly  requested  that  any  person  witnessing  any  improper  treatment  of  the  lamp, 
or  any  other  infringement  of  these  orders,  by  the  boys  or  others,  will  immediately  give  information 
to  the  ovenaaii  or  deputy  in  charge  of  the  pit;  and  as  infermatlon  of  any  neglect  or  improper 
treatment  of  tho  lamp  is  absolutely  necessary  for  the  better  protection  against  accident,  a  reward  of 
ten  shillings  will  bo  paid  by  the  owners  to  the  informer,  on  the  conviction  of  the  offending  party. 

10.  Any  person  being  convicted  of  breaking  any  of  the  above  rules,  to  be  summoned  before  a 
magistrate,  or  discharged,  at  the  option  of  the  viewer  of  the  colliery. 

Bat,,  in  the  nast  place,  it  will  be  asked  whether  the  use  of  tiie  Dayy  lamp  is  an 
ahoolnte  safeguard ;  and  this  question  must  be  answered  in  the  negative,  since,  aa  we 
have  already  seen,  aceidenta  may  possibly  occur,  in  two  or  three  ways,  even  if  the 
Bary  ia  in  good  condition,  and  is  being  fiurly  used.  Sir  H.  Davy  himsdf  wii»  awue 
of;  and  stated  this  fact 

The  cixcvmstanoes  under  which  the  lamp  ia  liable  to  accident  aie,  howenrer,  them : 
— 1st.  Exposure  to  a  jet  of  gas,  whether  explosive  or  pure,  after  the  carbonio  aoid  gas 
at  the  bottom  of  the  lamp  has  been  removed.  This  is  readily  illustrated  by  forcing 
the  gas  issuing  from  a  common  street  pipe  through  the  sides  of  the  lamp  in  a  burning 
state.  2nd.  Exposure  to  a  mixture  of  sulphuretted  hydrogen,  of  pure  hydrogen,  or  of 
defiant  gas,  with  the  light  carburetted  hydrogen,  as  it  is  commonly  found  in  rainea» 
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H  hs  Baid  hy  some  chemistB  that  thiese  gasM  are  oocaAonally  ptesent  in  coal  minea; 
bnt  wc  have  Uie  aathmity  of  Henry,  Thomaon  and  Davy,  and  mate  leeenliy  of 
Fh>fesflor  Graham  and  Dr.  Lyon  Fley^,  for  atating  f&Bitr  they  tie  not  found  in  the 
exploaive  gases  of  the  north  of  England,  or  clsewliere  as  exaosmed  hy  thett.  9rd[  By 
the  huming  of  small  fltigmCTts  of  coal  adhering  to  the  ganise.  Tiim  is  mfter  assoned 
as  poanble  than  distinctly  known.  It  was  tried^  by  DaTy  with  street  gns^  hot  dk« 
result  was  doubtfal.  4th.  By  the  ihUing  of  iWigmente  of  coal,  &c.,  from  tho  roof,  and 
consequent  breaking  of  the  hunp.  These  are  all  oases  in  which  the  Dayy  lamp  nay^^ 
ft  is  said,  be  the  means  of  causing  an  aocident  from  explosion;  and  some  of  them  would 
be  aToided  by  the  use  of  the  improved  lamps  of  yariofos  kinds.  Ob-  the  other  hand,  it 
may  be  said  that  the  experiments  made  by  mixture  of  street  gas  with  coraaMn  mr  ava 
not  altogether  satisfactory,  since  the  gas  produced  from  the  distJUation  of  cod  is 
more  explosive  than  common  coal  gas  in  mineS)  and  is  explostvo  at  lower  temporatoros. 
This  was  distinctly  shown  by  Davy  with  reference  to  tho  particles  of  eoal  and  pyrijtea 
floating  about  in  the  atoiosphere  of  the  mine.  It  requires  tfaait  careftd  comparative 
experiments  should  be  made  with  specimens  obtained  from  mines,  in  ordor  to  detsmaiis 
this  and  other  points  of  tho  same  kind. 

Widi  regard  to  the  rdative  value  of  the  diffijrent  safety  lamps  that  have  been  intr»> 
dnocd,  the  diicldcd  Davy  may  be  said  stall  to  keep  ita  plaee.  I^  its  great  simplicity, 
its  proportions  and  portabiBty,  and  in  ita  being  the  best  known  to  the  miner,  this  laaip 
must  be  considered  to  possess  many  advantages  over  any  other ;  and  it  may  be  doubted 
whether  a  greater  degree  of  safety  is  really  and  effibctnally  produced  by  any  other  oon- 
Irtvance.  It  has  been  now  used  for  nearly  forty  years,  and  in  almost  every  case  where 
danger  was  known— and  how  frequent  these  cases  are  thoeo  only  ore  aware  who  hcve 
visited  the  mines  themselves.  It  has  been  trusted  implicitly,  even  to  fbUy,  by  liM 
superior  offloers  of  the  mine^  in  thousands  and  tens  of  thousands  of  doubtfal  caaea,  and 
where  it  was  wcH  known  that  explosive  mixtures  existed.  In  by  far  the  greatar 
number  of  the  two  hundred'  pits  in  the  Newoasitle  coal  fields,  the  proper  officer  piQceeds 
st  least  once  every  day,  wi&  this  instrument,  through  the  districts  aetuidly  woikedy 
belbre  they  are  visited  by  the  men ;  and  every  week  or  fortnight  through  tho  mt  of 
tibe  mine  where  the  gas  n  moat  likely  to  accnwiTtfatft  And  if  occasionally — and  it  is 
a  very  rare  case— there  has  been  an  explosion  where  no  other  oanso  could  be  fiufly 
assigned  than  the  Davy  lamp,  we  ouf^t  not  to  leave  out  of  eonsidBratioa  the  innu- 
merable instances  in  which  it  has  proved  itself  to  be,  when  properly  uaed^  a  suffloient 
aafognard. 

Sffeet  of  W^atlMv  and  Smmoa  ml  Xxptoiloas,. — ^Explosions  in  coal  minea 
frtmi  fire-damp  have,  for  many  years  past,  become  of  serious  importance,  from  lUr 
frequency,  and  the  large  number  of  lives  often  saorificed.  They  occur  in  all  omr  ooal 
fields,  and  are  certainly  not  less  numerous  now  than  formerly.  Any  foets  coneenong 
them  are  interesting,  and  may  be  important :  sa  thai  the  fott»wing  dstadls  of  i^nrards 
of  one  hxmdrcd  recorded  explosions  may  be  aeeeptable.  Of  these  expbeiooF,  eight^G* 
two  happened  on  four  days  of  the  week,  and  nineteen  only  on  ^i»  remaining  teee ;  the 
order  being  as  follows  t—Tuesday,  twenty-five ;  Friday,  twenty ;  Monday,  nineteen/; 
Thursday,  eighteen ;  Saturday,  eight ;  Wednmday,  rix ;  and  Sunday,  five.  Oat  of 
nxty-three  whose  dates  are  known,  twenty-vine  ooemred  in  the  four  moniha  from 
September  to  December,  both  inclusive  ;  and  thSrty-fout  in  the  remaining  eight 
months.  Out  of  thirty,  as  many  as  twunty-threo  were  when  the  wind  was  oitheB 
N.W.,  W.,  S.W.,  or  S.,  and  only  seven  when  the  wind  was  from  tha  remaining  qnaD^ 
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ten ;  moct  of  these  (five  out  of  the  seyen)  being  when  the  wind  was  S.B.      Other 
statifltical  fusts  hare  been  recorded,  but  no  general  oonduaion  seems  deriyable. 

But  coal  mine  accidents  are  not  confined  to  explosions;  and  water  as  well  aa  air 
becomes  sometimes  a  dangerous  enemy. 

Aoeidrntti  from  Waftw. — Aa  an  instance  of  this,  in  the  year  1815  seyonty-fiTe 
persons  were  drowned  in  the  Heaton  Main  Colliery ;  the  old  workings  of  another 
colliery  in  which  the  water  had  accumulated  rushing  into  the  woiks,  which  were  canied 
on  in  ignorance  of  the  proximity  of  these  old  mines.  Accidents  of  this  kind  have  also 
frequently  happened  in  other  coal  fields ;  and  it  is  only  a  few  years  since  one  of  the 
principal  coUieries  of  Wliitehayen,  cairiod  on  under  the  bed  of  the  ocean,  was  suddenly 
and  completely  destroyed  by  the  incursion  of  the  sea  into  the  workings. 

One  of  the  most  important  of  the  accidents  of  this  kind  on  record  occurred  in  1833, 
in  an  eztensiye  Scotch  colliery,  of  which  the  workings  were  so  much  injured  by  iJie 
izTuption  of  a  riyer  into  them  as  to  be  afterwards  almost  useless. 

On  the  20th  of  June,  in  the  year  aboye  mentioned,  two  gentlemen  fishing  in  the 
riyer  Gaxnock,  obseryed  nearly  opposite  to  where  they  were  standing  a  slight  eruption, 
which  they  supposed  at  first  was  occasioned  by  the  leap  of  a  salmon ;  but  a  gui^g^Ung 
noise  whidi  succeeded  led  them  to  suspect  that  the  water  had  broken  into  one  of  the 
coal  mines  sunounding  the  spot.  With  this  idea  they  hastened  to  the  nearest  pit- 
mouth  to  giye  warning ;  but  their  notice  was  neglected,  as  too  improbable  to  be  worth 
attending  to.  Before  long  the  workmen  were  found  to  be  making  their  way  to  the  bottom 
of  the  shaft,  seyeral  of  them  being  up  to  their  necks  in  water  when  they  reached  it.  All 
of  them,  howeyer,  escaped  with  life;  and  as  soon  as  they  reached  the  surface,  they 
proceeded  to  check,  if  possible,  the  rush  of  water  into  the  mine,  by  filling  the  cayity  in 
the  bed  of  the  riyer  with  straw,  clay,  &c. ;  but  their  efforts  were  yain,  for  the  water 
continued  to  pour  in  steadily  tiU  the  following  afternoon,  when  a  large  space  of  the 
bed  of  the  riyer  was  broken  throu^  and  the  whole  body  of  the  stream  was  in  a  short 
time  engulphed,  its  bed  being  left  dry  for  more  than  a  mile.  Tho  riyer  was  afiR?cted 
by'the  tides,  and  this  engulphment  took  place  at  low  water;  but  as  the  tide  rose,  the 
sea  entered  with  prodigious  force,  and  the  sight  was  impreasiye  beyond  description ;  the 
water  continuing  to  pour  in,  till  the  whole  woiks,  extending  for  many  miles,  were 
completely  filled,  and  the  riyer  resumed  its  ordinaiy  appearance. 

No  sooner,  howeyer,  had  this  taken  place,  than  the  pressure  of  the  water  in  the  pits 
became  so  great,  that  the  confined  air  which  had  been  forced  back  into  the  high 
workings,  burst  through  the  surface  of  the  earth  in  a  thousand  places,  and  many  acres 
of  ground  were  seen  to  bubble  up  like  the  boiling  of  a  cauldron.  Great  quantities  of 
sand  and  water  were  also  thrown  up  like  showers  of  rain,  during  a  period  of  fiye  hours; 
and  an  extensiye  tract  of  land  was  laid  under  water,  by  which  from  fiye  to  six  hundred 
persons  were  entirely  deprived  of  employment. 

KtacalUaaoiw  Accldanta.— Many  other  accidents  occur  besides  those  of  fire 
and  water,  and  some  of  them  are  occasionally  fatal ;  but  as  they  are,  for  the  most  part, 
dependent  on  local  circumstances,  and  must  be  looked  on  rather  as  ordinary  casualties, 
which  cannot  be  entirely  preyented,  and  belong  more  or  less  to  all  kinds  of  employment, 
I  shall  not  here  detain  the  reader  by  dwelling  upon  them. 

Those  connected  with  the  imperfection  of  machinery — such  as  the  bursting  of  steam 
boilers,  the  breaking  of  ropes,  disarrangement  of  the  winding  machinery,  and  othen— 
axe  gradually  becoming  fewer,  and,  with  proper  care,  may  be  reduced  to  a  yery  small 
number ;  but  as  long  as  coal  mines  continue  to  be  worked,  so  long  will  there  be  a  sue- 
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OMnon  of  Tictiins  to  the  fire-damp,  a^**  monster"  whioh.  no  art  of  man  is  ever  likely  to 
lender  hannless. 

Xmpovtaaoe  of  Coal.— It  can  scarcely  be  necessary  to  point  ont  to  the  reader  the 
Ttst  importance  of  coal  in  all  parts  of  the  world,  and  the  interest  of  every  one  to  dis- 
cover and  make  use  of  such  stores  of  wealth,  when  they  exist  beneath  the  surface  of  the 
earth. 

In  a  country  like  England,  deprived  of  any  large  quantity  of  wood  by  the  advance 
of  civilization  and  the  replacement  of  forests  by  com  fields,  where  should  we  obtain 
means  for  enduring  the  inclemency  of  the  weather,  or  enjoying  any  comforts  at  our 
bomfis,  if  it  were  not  for  the  supplies  of  this  material,  conveyed  along  our  shores  by 
numerous  ships,  and  transported  by  every  train  on  our  railways? 

But  we  must  look  farther.  Where  would  be  our  manufactures — where  would  be 
oar  iron,  the  staple  of  all  manufactures,  if  there  were  not  abundant  and  cheap  supplies 
of  valuable  fuel  where  the  ores  of  these  metals  occur  ? 

Without  coal,  could  this  country  have  advanced  beyond  its  condition  many  cen- 
turies ago— could  there  have  been  education— could  there  have  been  printed  books 
available  for  the  multitude — could  there  have  been  food  and  raiment  for  oiuselves— or 
could  science  have  advanced  ?  Must  not  England  have  remained  in  the  back-ground, 
its  inhabitants  unable  to  exercise  that  intellectual  activity  which  they  have  exerted  in 
placing  their  country  in  advance  of  the  whole  world  ? 

Without  coal  there  could  have  been  no  extensive  use  of  steam,  even  if  the  vast 
power  of  that  agent  had  been  discovered.  Without  steam  and  iron,  where  should  wo 
now  be  in  the  advance  of  civilization  over  the  world  ?  Coal  is  indeed  the  indispensable 
food  of  all  industry.  It  is  a  primary  material,  by  whose  aid  wo  engender  force,  and 
obtain  power  sufficient  for  any  purpose  that  has  yet  been  imagined. 

Marvellous  indeed  are  the  results  obtained  on  considering  the  uses  of  those  mate- 
rials which  form  together  the  great  carboniferous  series  of  deposits  as  developed  in  the 
north  of  England.  In  a  small  strip  of  country,  in  an  area  of  less  than  six  or  eight 
thnnnand  square  miles,  which  in  some  parts  of  Europe  would  be  passed  over  almost 
without  remark  by  the  practical  man,  tjie  politican,  and  the  statistician— we  find 
grouped  together  a  multitude  of  large  towns,  a  population  of  some  millions  of  people, 
having,  perhaps,  more  influence  on  the  comforts  of  civilized  man  throughout  the  world 
than  could  elsewhere  be  found  in  a  space  of  five,  or  even  ten  times  that  amount.  Kor 
is  this  all,  The  other  great  manufacturing  and  commercial  towns  of  England,  with  the 
exception  of  the  capital,  are  similarly  placed  with  reference  to  geological  position. 
The  coal  and  iron  of  the  carboniferous  rocks  form  still  the  magnet  towards  which  the 
other  desirable  things  of  this  world  are  attracted,  and  they  determine  the  growth  and 
well-being  of  towns,  not  only  in  England,  but  elsewhere  on  the  continent  of  Europe, 
and  latdy  in  America  also.  In  France,  Belgium,  and  Germany,  we  everywhere  see 
towns  rising  up  into  manufacturing  importance,  where  fuel  and  iron  exist  beneath  the 
soil ;  and  rarely  indeed  has  it  been  found  possible  to  produce  any  great  improvement  in 
these  respects,  except  where  nature  has  pre-ordained  it  by  giving  these  sources  of  true 
riches.  It  is  now  well  known  that,  however  valuable  in  themselves  other  rarer 
natural  products  may  be,  there  is  no  doubt  of  the  enormously  greater  benefit  to  a 
people  in  the  case  of  those  materials  which  either  enter  into  every  manufacture,  and 
are  sources  of  power,  or  which  are  greatly  increased  in  value  by  being  subject  to  many 
processes  to  render  them  more  generally  useful,  without,  at  the  same  time,  causing  them 
to  be  taken  out  of  consumption. 
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lluigera  of  Goal  BUnlng.— Coal  in  this  coimtty  is  obtained  at  a  serions  expenoo 
and  risk  of  human  life.  It  often  happens  that,  on  taking  up  a  newspaper,  ve  see 
notice  that  another  explosion  fix)m  fire-damp  has  taken  place  in  some  coal  mine,  and  that 
ten,  twenty,  fifty,  or  a  hundred  of  the  workmen  hare  been  hurried  unprepaised  into 
eternity.  Some  we  read— and  these  are  not  the  greatest  suflferers— have  been  destroyed 
at  once,  burnt  to  death  by  the  explosion  itself,  so  that  no  human  power,  no  system 
could,  perhaps,  have  saved  them.  But  a  larger  proportion  have  been  found  at  a  dis- 
tance. They  were  performing  their  task  some  hundred  yards  oflF;  they  heard  the 
shock ;  they  felt  that  they  were  doomed  men ;  they  rushed  at  once  to  the  pit  bottom, 
but,  cut  off  by  the  want  of  a  direct  communication,  their  only  chance  was  to  reach  the 
main  gallery,  and  try  if,  by  any  happy  accident,  they  might  escape.  But  the  moment 
they  arrived  at  this  point,  they  found  the  effects  of  the  explosion,  the  fearful  after 
damp  already  on  its  way  before  them.  They  are  stopped  by  this  invisible,  intangible, 
but  fatal  and  impassable  barrier.  Some  throw  themselves  upon  the  ground,  and  creep 
on  for  a  few  yards  in  the  vain  hope  of  escape.  Some,  in  hopeless  despair,  await  the 
advance  of  destruction.  Such  is  a  simple  history  of  the  whole  event.  One  single 
inspiration  of  the  after  damp  produces  convulsions  in  the  throat,  and  is  the  almost 
certain  precursor  of  instant  death,  so  that  it  rarely  happens  that  any  person  escapes  to 
tell  the  sad  tale.  Is  it  not  a  question,  then,  worthy  of  consideration  whether,  by  any 
method  that  could  be  adopted,  these  lives  might  be  preserved  ?  For  whom  do  these 
men  sufilbr  ?  Their  widows  and  orphans,  their  mothers,  their  sisters,  and  their  fi*icnds 
have  a  right  to  call  upon  every  one  of  us  who  benefit  by  their  labours,  but  take  no 
thought  of  their  dangers  and  sufferings.  They  labour  for  our  benefit.  "We  induce 
them  to  run  these  risks,  and  are  bound  to  weigh  careftLlly  the  great  social  relations 
which  impose  it  as  a  duty  upon  us  to  improve  ^their  condition.  Each  event  of  this 
kind  concerns  us  all,  and  we  are  all,  without  exception,  responsible  in  our  degree; 
for  if  A  sufficient  interest  was  felt  and  expressed  in  this  matter,  it  would  not  be  allowed 
to  go  on  as  it  does  from  accident  to  accident.  That  the  subject  is  obscure  and  difficult, 
is  not  a  snflicient  reason  that  it  should  be  neglected ;  and  because  the  sufferers  are 
patient,  the  place  of  the  accident  far  removed,  and  the  objects  of  it  beyond  the  sphere 
of  our  immediate  exertions — because  few  amongst  us  have  visited  a  coal  mine,  and 
know  nothing  of  the  danger  personally,  we  arc  not  therefore  at  liberty  to  let  the 
matter  take  its  course  without  an  attempt  to  do  good.  Some  pity  should  be  felt  and 
some  sympathy  al&o  expressed  for  those  whose  lives  are  spent,  and  whose  deaths  may 
be  caused  in  providing  us  with  the  means  of  comfort  and  enjoyment.  Let  us  think 
seriously  how  much  we  owe  to  them — ^the  comfort  of  the  fireside,  that  essential 
requisite  to  home  enjoyment— the  luxuries  that  surround  us— the  facilities  of  travelling 
—the  use  of  and  interest  in  all  machinery  and  manufactures — all  these  we  owe  to 
the  coal  miner ;  and  then  think  how  little  we  do  for  him  in  return.  He  must  daily 
descend  some  hundred  yards  into  the  bowels  of  the  earth,  traversing  many  miles  of  low 
subterranean  passages,  performing  his  task  in  the  most  inconvenient  posture,  in  an 
atmosphere  always  impure  and  choked  with  dust,  if  not  actually  dangerous^llghted 
by  a  smoU  candle,  or  by  the  yet  feintcr  glimmer  penetrating  the  meshes  of  a  wire 
gauTO — and  then,  from  time  to  time,  exposed  to  the  chance  of  these  accidents.  He 
troubles  not  our  repose — ^the  tale  of  his  distress  hardly  reaches  our  ears — ^he  is  poor — 
ho  is  far  away — he  dies : — ^but  he  is  our  fellow  creature  and  our  fellow  countryman. 
Sadi  one  amongst  us  is  related  to  him  by  many  bonds,  and  it  is  our  duty  to  see  that 
every  practicable  method  is  adopted  to  improve  his  condition.     And  if  the  dangers  that 
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mxxound  bim  mast  stiJl  roaudn,  in  tpite  of  ail  our  exertkiiiB — it  the  teoilile  accidents 
£bool  e^losion  must  aometlmes  oocnr,  stiU  we  liore  a  duty  to  perfonn,  lor  wb  aie 
boioid  to  use  every  means  to  diminiA  their  frequency  and  extent^  and  to  take  away> 
if  poflnUe,  from  their  frightful  results.  This  duty  is  one,  not  only  affecting  the  legie* 
laatare,  hat  ereiy  indiTidual  amongst  us ;  for  all  may  in  some  way,  either  directly  <» 
indizectly,  have  influence  with  those  upon  whom  ultimately  the  responsibility  of  so 
great  an  aot  of  public  justioo  must  fidl. 

MINXNG  IN  STKATIFIED  &0CKS  AND  ALLUVIA. 

Mining  opeiatians  are  of  two  very  disiinot  IdndS)  aoaording  as  they  refer  to  depo- 
sited minerais,  or  to  those  segregated  from  Tanoua  rocks  into  mineral  veins.  We  have 
already,  at  some  length,  eansidercd  the  case  of  coal,  which  belongs  to,  and  represents^ 
the  finmer  class ;  hirt  it  remains  to  give  some  account  of  other  substances  similarly 
cizomnataneed.  By  far  the  moat  important  of  these,  in  annual  money  value,  are  the 
iron  ores  already  alluded  to.  Next  to  these  are  streamings  for  gold  and  tin,  and  such 
mechanical  oontriTanoes  as  are  required  fyt  obtaining  salt  from  beds  of  rock-salt,  and 
dianioad8,.«id  amber,  &c.,  from  their  rsqiective  alluvia.  The  question  of  gold  is  one 
that  will  need  some  detail.  The  others  are  quickly  disposed  of,  aa  far  as  they  are 
g«(dogicaIly  iniezeating. 

CKild  Iiflwln6>~lt  is  hardly  possiblo  to  imagine  any  subject  of  general  inlbrma> 
tion  more  calculated  to  excite  attention  than  that  of  a  new  and  abundant  sitpply  of 
gpojd,  the  lepresestatiTC — generally  admitted  to  be  the  best — of  all  Mads  of  property, 
and  the  nnireraal  medium  of  exchange,  wherever  it  ii  possible,  in  civilized  countries. 

Ajky  great  change,  in  value,  in  this  medium—any  diange  in  quantity,  by  which 
such  vidoe  may  be  afSscted— any  new  discovery  of  disbiots  whose  the  quantity  is  likoly 
to  be  very  large  and  very  easily  obtained,  offers  a  legithnata  source  of  interest  and 
ezoitamaaA^  and  becomes  matter  of  general  oonveraatiom 

Bat  when  we  are  told  of  a  country,  now  first  diseovi^ed  to  abound  in  gold  to  such 
an  estent  that  a  man  can,  in  a  short  time,  pick  up  and  make  his  own  as  much  as  he 
pleases,  we  may  well  be  astonisfaed,  and  may  faiily  indulge  in  not  a  littie  scepticism 
on  the  subject.  We  ought,  at  any  rate,  to  look  about  ns,  and  learn  what  has  hitherto 
been  the  state  of  the  case^  and  how  far  our  own  interests,  as  possessing  some  of  this 
kind  of  property,  are  likely  to  be  affected* 

Within  thalaat  faw  years  men's  minds  have  been  almost  unsettled,  and  tibeir  ore- 
dnlity  sererely  tried^  by  aeoomitB  first  from  tiie  West  coast  of  North  America,  and 
afterwards  from  Australia,  of  the  exiatence  of  deposits  of  gold  so  abundant,  tiut  a  man, 
with  a  mgsd^  and  a  few  of  the  aimplest  tools,  can  obtain  large  quantities  from  the  bed 
of  a  stream.  Wo  read  in  the  local  newspapers  that  the  supply  seems  inexhaustible,  or, 
at  least,  that  it  ia  only  limited  at  prascntt  by  tho  number  of  men  at  work->that  eaoh 
man  may  realize  a  handsome  fortune  in  a  fsw  weeks-««ad  that,  as  far  as  appearances  go, 
the  quantity  will  increase  when  what  are  called  the  sources  of  the  supply  arc  met  with. 

Biatiibutioa.  of  OokL—Although  there  ia  much  that  is  visionary  and  extrava- 
gant  in  all  this,  stUl  there  is  also  a  foundation  of  reality.  Of  all  metals,  gold  is,  with 
the  exception  of  iron,  the  most  widdy  diffused  over  the  earth ;  but  it  diffars  from  iron 
in  being  found  only  in  a  native  state.  It  also  di£feiB  greatly  from  iron  and  most  other 
metals  in  the  mode  of  obtaining  it,  since  almost  the  whole  supply  is  from  aUuvial 
saada,  from  which  it  is  separated  chiefly  by  washing.  Almost  every  country  in  Europe, 
and  indeed  throu^^ut  the  world,  haa  yielded  gold  at  one  timo  or  other ;  bat  each,  in 
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suocession,  has  after  a  time  become  drained,  and  the  proportion  of  the  preciooa  mietal 
has  been  found  too  small  to  be  woiked  with  profit.  £ngland,  Scotland,  Wales,  and 
Ireland ;  France,  Germany,  Spain,  and  Portugal ;  Bohemia,  Hungary,  and  Transyl- 
yania ;  Greeoo  and  Turkey,  besides  Russia,  haye  all  been  amongst  the  gold-prodneing 
countries ;  but  the  only  parts  of  £urope  in  which  now  there  is  any  activity,  are  Hun- 
gary and  Transylvania.  In  Asia,  Siberia,  India,  China,  Japan,  and  the  Indian 
Archipelago ;  in  North  America,  almost  all  the  eastern  states  of  the  Union,  and  latterly 
Canada,  besides  California ;  in  Central  America ;  and  in  South  America,  Brasil,  and  the 
whole  country  on  the  east  of  the  great  mountain  chain  of  the  Andes,  and  its  continuation 
as  far  northwiirds  as  the  termination  of  Mexico— these  all  have  been  celebrated ;  while 
various  parts  of  Africa,  especially  on  the  western  shores,  abound  in  the  rich  deposit 
Lasdy,  but  chiefly,  Australia  has  entered  the  field,  and  bids  fair  to  send,  for  some  time  to 
come,  a  quantity  at  least  equal  to  that  from  any  other  tract  of  the  same  dimensions.  So 
much  have  the  supplies  increased,  that  whereas,  during  the  ten  years  preceding  18^, 
the  average  yield  of  the  whole  gold-producing  countries  could  not  be  estimated  at  more 
than  eighty  thousand  pounds  weight ;  the  annual  supply  from  Australia  and  California 
alone  (at  that  time  not  known  to  contain  available  gold)  has  since  been  considerably 
more  than  four  times  this  amount. 

Gold  wmaldngs  are  at  present  carried  on  chiefly  in  Siberia,  California,  and 
Australia ;  the  two  latter  countries  yield  by  far  the  largest  quantity;  bat  tho  woric  in 
the  former  is  more  systematic,  and  fax  less  coetiy,  so  that  poorer  sands  are  exposed  to 
the  various  mechanical  operations.  The  matrix,  or  earth  in  which  the  gold  occurs, 
varies  in  different  countries,  but  is  .usually  confined  to  some  one  or  two  distinct  beds 
of  gravel,  often  of  considerable  geological  age  compared  with  the  surface  soil,  and 
spread  over  a  wide  tract.  The  gold,  originally  contained  in  veinstone  of  some  kind 
(often  quartz),  or  disseminated  through  rocks  in  a  native  state,  has  been  washed  out  of 
these  materials  by  a  long  continued  exposure  and  the  abrasion  of  one  particle  against 
another.  The  gold  being  the  heavier  snbstance  has  been  left  behind,  when,  frx>m  the 
action  of  water,  the  fragments  of  rock  have  been  washed  away ;  and  thus  it  chiefly 
abounds  in  hollows  or  other  receptacles,  where  it  was  not  exposed  so  much  to  aqueons 
action,  and  finally  became  buried. 

In  Siberia  there  are  but  few  localities  where  the  gold  washings  are  largely  carried 
on,  and  in  each  of  these  tho  metal  is  disseminated  in  a  quartzy  sand,  or  gravel,  con- 
taining much  oxide  of  iron.  It  is  not  confined  to  the  valleys,  but  extends  even  to  the 
hill  tops  and  escarped  sides  jof  mountains,  proving  that  the  process  of  accumulation  has 
been  a  very  long  one,  and  commenced  when  the  present  mountain  chains  were  entirdr 
below  the  surface  of  the  water.  In  Brazil,  as  in  Siberia,  where  the  observations  on 
gold  mining  are  more  carefully  made  than  in  California  and  Australia  at  present,  tho 
gold  lies  in  a  stratum  of  pebbles  and  gravel  immediately  incumbent  on  the  solid  rock 
and  the  excavations  of  the  washers  in  this  gravel  are  often  from  fifty  to  one  hundred 
feet  wide,  and  eighteen  to  twenty  feet  deep.  The  author  has  seen  larger  and 
deeper  excavations  than  these  in  the  mining  districts  of  Eastern  Virginia,  where  also 
much  gold  has  been  obtained.  The  African  gold  is  entirely  got  from  the  beds  of  rivers, 
parUy  on  the  gold  coast,  partiy  in  Abyssinia,  and  partiy  on  the  Mozambique  coast, 
and  the  same  may  be  said  of  Asia  and  the  Asiatic  islands. 

It  is  needless  to  repeat  here  what  has  been  so  frequcntiy  and  prominently  stated 
concerning  the  position  of  the  gold  in  California  and  Australia ;  and,  indeed,  descrip- 
tions of  auriferous  detritus  have  little  value,  as  they  could  hardly  lead  to  the  re- 
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eognitioa  of  aimilar  material  in  a  new  district,  or  suggest  discoreries  in  a  conntxy 
where  the  ezistenoe  of  gold  was  not  previonsiy  known.  We  proceed  to  the  more  prac- 
tical ind  Qsefiil  consideratioxis  connected  with  the  working  (tf  such  ores  when  found. 
Mtchanlcal  Vioeefls.— The  examination  of  rocks  suspected  to  contain  gold  is  a 

I  very  simple  matter,  although  the  most  conyenient  mode  of  obtaining  the  precious 
metal  fnm  the  associated  sand,  mud,  or  graTcI,  necessarily  inyolyes  mechanical  contri- 

I  Tsnces,  and  requires  some  consideration.  When  a  rock  is  supposed  to  be  auriferous, 
or  when  the  sands  or  other  aUuyial  matter  of  a  district  are  to  be  examined  for  gold,  the 

I  nek  should  first  be  pounded  fine,  and  sifted :— a  certain  quantity  of  the  sand  thus 

I  obtained  must  be  washed  in  a  shallow  iron  pan,  and  as  the  gold  sixJcs,  the  floating  mud 
should  be  allowed  to  pass  off  into  some  receptacle.  The  largest  part  of  the  gold  is  thus 
left  in  the  angle,  or  lowest  point  of  the  pan ;  by  a  repetition  of  the  process  a  further 

i  portian  is  obtained ;  and  when  the  bulk  of  sand  is  reduced  to  a  manageable  quantity, 
the  gold,  if  in  too  small  a  proportion  to  be  readily  rcmoyed  (or  the  residuimi  in  the 

I  ktter  ease,  after  the  richer  particles  haye  been  carried  away),  is  amalgamated  with 
dean  mercury.  The  amalgam  is  next  strained,  to  separate  any  excess  of  mercury,  and 
is  finally  heated  and  the  meroury  expelled,  leaying  the  gold.    In  this  way,  by  succcs- 

'  siye  trials  with  the  rock,  the  proportion  of  gold  is  quite  accurately  ascertained.  Whero 
the  rock  or  gravel  is  rich,  the  amalgamation  is  unnecessary  in  a  first  trial,  sufficient 
being  obtained  at  once  to  giye  a  profit  without  any  further  process  than  simple  washing. 
Masses  of  quartz,  with  no  external  indication  of  gold,  examined  in  the  aboyc 
way,  will  sometimes  yield  at  the  rate  of  about  fiye  ounces  of  gold  to  a  ton  of  sand 
orgnyel. 

WMliliig.'^The  methods  adopted  on  a  large  scale,  to  separate  gold  from  such  aEu- 
rial  soils  as  contain  a  sensible  proportion  of  this  yaluable  metal,  yary  according  to 
local  dreomstanees  and  the  tools  that  may  bo  at  hand.  Washing  on  inclined  tables  is 
sometimes  followed  with  advantage,  as  in  Hungary,  whero  a  long  plank  is  employed 
with  a  number  of  transverse  grooves  cut  in  its  surface.  This  plank  is  held  in  an 
inclined  pooition,  and  the  sand  to  be  washed  put  in  the  first  groove ;  they  then  throw 
water  on  it,  wh&i  the  gold  mixed  with  some  of  the  sand  collects  usually  towards  the 
lowest  furrow.  This  mixturo  is  removed  into  a  fiat  wooden  basin,  and  by  a  peculiar 
movement  of  the  hand  the  gold  is  separated  entirely  from  the  sand.  The  stony  ores 
are  first  pounded  in  a  stamping-mill. 

^*ftfi^gf— ****^**-""'^'*^  the  poorer  ores,  such  as  the  auriferous  sulphurets, 
whether  of  copper,  iron,  or  lead,  it  is  usual  to  adopt  the  process  of  amalgamation,  either 
after  roasting  or  without  submitting  them  to  that  process.  This  method,  however, 
belonging  strictly  to  metallurgy,  will  not  be  described  in  this  place,  since  at  present 
the  mechanical  processes  of  separating  the  metal  form  the  subject  under  consideration; 
and  as  in  the  Brazilian  gold  district  the  processes  adopted  include  most  of  the  mechani- 
cal oontrivanoea  that  have  been  from  time  to  time  introduced,  our  examples  will  be 
chiefly  drawn  from  that  country. 

Biasllian  Mcthodg,— At  the  commencement  of  the  mining*  system  in  the  Brazils, 
the  common  method  of  proceeding  was  to  open  a  squaro  pit,  till  they  came  to  the 

■  The  word  "mine,"  in  the  signification  attached  to  it  hy  the  inhabitants  of  Brazil,  oonTeys  a 
different  meaning  to  that  which  it  imports  in  Europe.  Whilst  in  the  latter  it  desifnates  a  mbter- 
rancoos  excavation,  in  the  former  it  is  simpl  j  applicable  to  the  bed  of  a  riyer,  the  bottom  of  a  rarixie, 
or  lome  place  of  greater  or  leas  extent,  where  tho  soil  is  composed  of  aUarxal  matter,  contaixiing 
metal. 
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eaacMo;^  tliis  they  broke  up  with  pidkaxeB,  and  plaomg  it  in  a  wooden  Tesiel,  hroad 
at  the  top  and  narrow  at  tiie  bottom,  exposed  it  to  the  action  of  running  water,  ahaking 
it  from  side  to  side,  till  the  earth  was  washed  away  and  the  metallic  particles  had  all 
subsided.  Lumps  of  gold  were  often  found  from  two  and  a->half  to  twelve  ovbmb  ui 
weight,  a  few  which  weighed  twenty-five  to  thirty-eight  ounces,  and  one  it  is  asserted 
weighed  thirteen  pounds ;  but  these  were  insulated  pieces,  and  the  ground  wboro  they 
were  discorerod  was  not  rich.  All  the  rflzst  workings  were  in  the  bods  of  risrars,  or  in 
the  table-land,  or  flat  alluvial  banks  orer  which  the  streams  had  at  one  time  flowed. 

In  1724,  the  method  of  mining  had  undergone  a  considerable  alteration,  Introdnced 
by  some  natives  of  the  northom  country :  instead  of  opening  the  ground  by  hsoid,  and 
carrying  the  cascalho  thence  to  the  water,  the  minenB  conducted  water  to  the  mining- 
ground,  and,  washing  away  the  mould,  broke  up  the  cascalho  in  pits  under  a  fiill  of 
water,  or  exposed  it  to  the  same  action  in  wooden  troughs  3  and  thus  a  great  expense 
of  human  labour  was  spared. 

The  mode  of  working  the  mines  of  Jaragua  is  more  simple,  and  may  be  easily 
explained.     Suppose  a  loose  gravel-liko  stratum  of  rounded  quartzoso  pebbles  and 
adventitious  matter,  incumbent  on  granite,  and  covered  by  earthy  matter  of  variable 
thickness.    Where  water  of  sufficiently  high  level  can  be  commanded,  the  ground  is 
out  in  steps,  each  twenty  or  thirty  feet  wide,  two  or  three  bvoad,  and  about  one  deep. 
Near  the  bottom,  a  trench  is  cut  to  the  depth  of  two  or  three',  leet ;  on  each  step  stand 
six  or  eight  negroes,  who,  as  the  water  flows  gently  from  above,  keep  the  earth  con-    ; 
tinually  in  motion  with  shovels,  until  the  whole  is  reduced  to  liquid  mud  and  washed    j 
below.     The  particles  of  gold  contained  in  this  earth  descend  to  the  trench,  where,  by 
reason  of  their  specific  gravity,  they  quickly  precipitate.    Workmen  axe  continually    i 
employed  at  the  trench  to  remove  the  etonos  and  clear  away  the  surfiuie,  which  opera-    • 
tion  is  much  assisted  by  the  current  of  water  which  falls  into  it.    After  a  few  days'    1 
washing,  the  precipitation  in  the  trench  is  carrried  to  some  -convenient  stream  to 
undergo  a  second  clearance.     For  this  purpose  wooden  bowls  are  provided,  of  a  ^umel    > 
shape,  about  two  feet  wide  at  the  mouth,  and  five  or  six  inches  deep.    Each  of  tiie    ' 
workmen  standing  in  the  stream  takes  into  his  bowl  five  or  six  pounds  weight  of  the    ' 
sediment,  which  generally  consists  of  heavy  matter,  such  as  granular  oxide  of  iron, 
pyrites,  ferruginous  quartz,  and  often  precious  stones.    They  admit  certain  quantities    * 
of  water  into  the  bowls,  which  they  move  about  so  dexterously,  that  the  precious 
metal,  separating  from  the  inferior  and  lighter  substances,  settles  to  the  botten  and    | 
sides  of  the  vessel.    They  then  rinse  their  bowls  in  a  larger  vessel  of  clean  water, 
leaving  the  gold  in  it,  and  begin  aigain.     The  washing  of  each  bowlful  occupies  from    | 
five  to  eight  ^  nine  minutes.  The  gold  produced  is  extremely  variable  in  quantity  and 
in  the  size  of  its  particles ;  some  of  which  arc  so  minute  that  they  float,  while  others    > 
are  found  as  large  as  peas,  and  not  unfrequcntly  much  larger.    This  operation  is  super-    I 
intended  by  overseers,  as  the  result  is  of  oonsidcrablc  importance.     When  the  whole  is    I 
finished,  the  gold  is  placed  over  a  slow  fire  to  be  dried. 

It  is  considered  that  the  tedious  process  of  washing  might  be  much  8h(»iened  by    ' 

*  This  is  the  name  locally  giren  to  the  auriferous  detritus.  The  common  cascalho  of  the  country 
is  an  indurated  soil  in  which  gold  is  containod,  and  seems  to  consist  of  the  frasrments  of  reins  which 
have  hcen  by  some  means  broken  up,  rolled  about  by  the  action  of  water  in  agitation,  and  buried  by 
it  among  the  clays  which  hare  composed  its  bed.  There  is,  however,  a  difference  betrreen  the 
auriferous  grarel  In  the  mountains  and  that  In  the  rivers :  the  imbedded  stones  in  the  mooataia 
cascalho  arc  rough  and  angular,  but  in  that  of  rivers  they  arc  rounded. 
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a  mnohmo  of  rvry  easy  ooDstmction ;  such  as  a  cylinder,  formed  of  bars  of  iroxi, 
JaDg^tadlnaUy  placed,  and  nsdled  'to  oiicles  of  wood,  open  at  each  end,  and  suspended 
on  two  centres,  one  tiboxit  sixteen  inches  hi^er  than  the  other.  At  the  highest  end 
ihe  ore  is  put  in  by  means  of  .a  hopper  which  communicates  with  it.  The  bczs  must 
ho  nailed  almost  close  to  eai^  other  at  the  upper  end,  gradually  widening  to  the  lower 
.end,  where  they  should  be  almost  half  an  inch  asund^.  The  cylinder  ought  to  be 
£noan  ten  to  twelre  feet  long,  and  a  stream  of  water  conducted  to  fall  upon  it  length- 
wise ;  it  abotM  be  enclosed  like  a  diessing-maohino  in  a  flour-oniU,  and  be  subjected 
to  a  very  quick  motion.  The  portion  of  ore  containing  the  most  gold  will  fall  through 
near  the  upper  end ;  the  other  parts,  aocording  to  their  comparative  fineness,  gradually 
•deseending  imtil  nothing  but  the  pebbles  fall  out  at  the  lower  end;  the  earth,  &c., 
falling  into  partiticns  or  troughs  bcbw  the  cylinder,  would  be  ready  for  being  separated 
fifom  the  gold  by  hand,  which  might  be  done  with  very  little  trouble.  MachinoB  of 
this  kind  might  be  made-  on  any  scale,  and  if  generally  loiown  and  adopted,  would  save 
human  labour  to  a  very  great  extent.  A  further  improvement  might  be  made,  too,  in 
this  useful  apparatus;  for  if  the  gold  washed  from  the  machine  were  to  fbU  upon 
troQ^  placed  in  on  inclined  position,  having  a  channd  across  about  a  yard  from  the 
upper  end,  all  the  gold  would  precipitate  into  it ;  and  if  a  man  were  to  be  continually 
employod  in  agitating  tho  water,  the  earthy  matter  would  run  off,  leaving  only  the 
gold  and  the  ferruginous  particles,  which  might  be  separated  by  mercury.  Other 
ii^emous  and  more  complicated  contrivances  aro  known,  and  have  been  adopted 
Bdcoessfully  in  Siberia,  but  are  not  adapted  to  countries  where  labour  is  costly. 

YoolBi(-~The  only  miners'  tools  employed  in  Brazil  up  to  a  recent  period  were  the 
iion-bar  and  the  hoe,  but  the  conmion  miner's  pick  would  in  many  cases  be  serviceable; 
and  hueking-irons  *  would  reduce  the  matrix  much  more  effectually  than  beating  it  with 
fltones.  In  many  instances,  hand-sieves,  if  not  too  co^y,  would  be  found  extremely 
naeful,  <wd  would  certainly  save  considerable  time  and  labour  in  washing. 

ilnudtccBa — Mills  composed  of  heavy  irregular  -stones,  resembUng  those  used  in 
England  for  grinding  flints,  are  useful  in  reducing  many  of  the  ferruginous  masses  and 
flofbsr  substances  which  joontain  gold ;  whilst  stamps  might  be  en^Ioyed  where  the 
g«dd  is  found  in  hard  and.  brittle  substances ;  or  these  would  be  perhaps  as  effectually, 
though  more  expensively,  pulverised  by  a  heavy  stone  rolling  on  its  edge  and  worked 
by  men.  t 

CftUfomian  Metbods, — ^Tho  mining  operations  in  Oalifomia  are,  as  may  be 
supposed,  on  a  somewhat  rude  scale  at  present,  and  there  cannot  be  a  shadow  of  doubt 
that  large  quantities  of  gold  are  allowed  to  escape  the  washings.  These,  however,  will  not 
travel  far,  and  may  reward,  though  in  a  smaller  degree,  those  who  carry  on  operations 
after  the  first  fever  of  goLd-seeking  has  passed  away.  A  good  idea  will  be  formed  of  tho 
first  proceedings  by  ^  following  extract  from  an  official  accoimt: — '^  The  day  was 
inteiDflely  hot,  yet  about  200  men  were  at  work  in  the  full  glare  of  the  sun,  washing 
for  gold — some  with  tin  pans,  some  with  close- wove  Indian  baskets ;  but  tho  greater 
part  had  a  rude  machine,  known  as  the  cradle.  This  is  on  rockers,  six  or  eight  feet 
long,  open  at  the  foot,  and  at  its  head  has  a  coarse  grate,  or  sieve ;  the  bottom  is 
rounded  with  small  elects  nailed  across.    Four  men  are  required  to  work  this  machine ; 

*  Backing-irons  arc  pieces  of  cast-iron,  \ritb  wooden  handler,  used  at  tbe  lead-mines  in  Britain, 
to  treak  tbe  ore  from  vhat  it  adheres  to. 

f  Iron  cylinders  hardened  at  the  surface  by  sudden  cooling  are  used  in  Oornwall  in  cruBbing  tin 
ores,  and  Biigbt  be  very  naeful  if  aTailahle. 
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one  digs  the  ground  in  the  bank  close  by  the  stream ;  another  canies  it  to  the  cradle, 
and  empties  it  on  the  grate ;  a  third  gives  a  violent  rocking  motion  to  the  machine, 
while  a  fourth  dashes  in  water  from  the  stream. 

"  The  sieve  keeps  the  coarse  stones  from  entering  the  cradle,  the  current  of  water 
washes  off  the  earthy  matter,  and  the  gravel  is  gradually  carried  out  at  the  foot  of  the 
machine,  leaving  the  gold  mixed  with  a  heavy  fine  black  sand  above  the  first  elects. 
The  sand  and  gold  mixed  together  are  then  drawn  off  through  auger-holes  into  a  pan 
below,  are  dried  in  the  sun,  and  afterwards  separated  by  blowing  off  the  sand.  A 
person  without  a  machine,  after  digging  off  one  or  two  feet  of  the  upper  ground,  near 
the  water  (in  some  cases  they  take  the  top  earth),  throws  into  a  tin  pan  or  wooden 
bowl  a  shovelful  of  loose  dirt  and  stones ;  then  placing  the  basin  an  inch  or  two  under 
water,  continues  to  stir  up  the  dirt  with  his  hand  in  such  a  manner  that  the  running 
water  will  carry  off  the  light  earths,  occasionally  with  his  hand  throwing  out  the 
stones ;  after  an  operation  of  this  kind  for  twenty  or  thirty  minutes,  a  spoonful  of 
small  black  sand  remains ;  this  is  placed  on  a  handkerchief  or  cloth  and  dried  in  the 
sun,  and  the  loose  sand  being  blown  o€^  the  pure  gold  remains." 

The  iron-bar,  the  pick  and  the  shovel,*  are  all  the  tools  that  can  well  be  needed  by 
the  solitary  miner  to  raise  the  alluvial  soil  that  seems  to  be  so  amply  supplied  with  the 
precious  metal.  The  chief  operation  requiring  mechanical  ingenuity  is,  therefore,  the 
washing  J  or  removing  the  useless  soil,  and  this  may  be  done  either  before  or  after  the 
reduction  of  the  whole  mass  to  powder.  No  doubt,  where  the  gold  is  in  tolerably  large 
lumps,  the  former  is  the  more  productive,  because  less  time  is  wasted ;  but  nearer  the 
mouths  of  the  streams,  and  in  that  material  which  has  already  been  coarsely  sifted, 
there  will  remain  a  large  quantity  of  very  rich  produce,  that  can  only  be  obtained  by 
pounding  as  well  as  washing. 

The  following  method  is  adopted  in  Chili  to  reduce  auriferous  detritus  to  a  fit  state 
for  washing : — A  streamlet  of  water  conveyed  to  the  hut  of  the  gdld-washcr  is  received 
upon  a  large,  rude  stone,  whose  flat  surface  has  been  hollowed  out  into  a  shallow  basin, 
and  subsequently  into  three  or  four  others  in  succession.  The  auriferous  iMurticles 
are  thus  allowed  to  deposit  themselves  in  these  receptacles,  while  the  lighter  earthy 
atoms,  still  suspended,  are  carried  off  by  the  running  water.  The  gold  thus  collected 
is  mixed  with  a  quantity  of  ferruginous  black  sand  and  stony  matter,  which  requires 
the  process  of  trituration.  This  is  effected  by  a  very  rude  and  simple  grinding  apparatus, 
consisting  of  two  stones,  the  under  one  being  about  three  feet  in  diameter  and  slightly 
concave.  The  upper  stone  ia  a  large  spherical  boulder  of  granite,  about  two  feet  in 
diameter,  having  on  its  upper  part  two  iron  plugs  fixed  opposite  each  other,  to  which 
is  secured,  by  lashings  of  hide,  a  transverse  horizontal  pole  of  wood  about  ten  feet  long. 
Two  men,  seated  on  the  extremities  of  this  lever,  work  it  up  and  down  alternately,  so 
as  to  give  to  the  stone  a  rolling  motion,  sufficient  to  crush  and  grind  the  materials 
placed  beneath  it.  The  washings  thus  ground  are  subjected  to  the  action  of  running 
water,  upon  inclined  planes  formed  of  skins,  by  which  process  the  siUcious  particles 
are  carried  off,  while  a  portion  of  the  femiginous  matter,  mixed  with  the  heavier  groins 
of  gold,  is  extracted  by  a  loadstone ;  it  is  again  washed  till  nothing  but  pure  gold-dust 
remains.  The  whole  process  is  managed  with  much  dexterity ;  and  if  there  were  much 
gold  to  be  separated,  it  would  afford  very  profitable  employment ;  but  generally  the 
small  quantity  collected  is  suflicicnt  only  to  afford  subsistence  to  a  few  miserable 
families. 

*  The  miner's  form  of  the  shovel  is  the  best,  consisting  of  a  dmple  pan  of  a  ooaieal  form. 
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Hore  elaborate  oontriyaiices,  xnoyed  by  hone-power  or  by  water,  would  amply  repay 
the  cost  and  labour  of  erection ;  and  the  following  acconnt  of  the  mechanical  con- 
trivances in  use  in  England  and  other  mining  countries  for  the  ores  of  other  metals 
(such  as  lead,  copper,  and  tin),  will  perhaps  suggest  useful  hints,  eyen  if  the  methods 
are  not  exactly  copied. 

Stamps.— The  instruments  for  preparing  ore  in  most  mining  districts  are  principally 
stamping-miUs,  or  stamps  as  they  are  called,  crushing-mills  or  grinders,  and  jigging- 
machines.  The  former  are  of  yarious  dimensions  and  power ;  they  are  usually  driyen 
by  water-wheels,  and  are  generally  sufficiently  simple  in  their  construction.  They 
consist  of  sets  of  pestles  working  up  and  down  within  a  box  or  trough  open  behind,  to 
admit  the  ore  which  slips  in  under  the  pestles,  being  carried  along  by  a  stream  of  water 
fidling  oyer  an  inclined  plane.  Each  pestle  is  of  wood,  measuring  about  six  inches  by 
fiye  in  the  square,  and  of  conyenient  length.  Each  also  carries  a  lifting-bar  secured 
with  a  wooden  wedge  and  iron  bolt,  and  each  terminates  below  in  a  lump  of  cast-iron 
called  the  head,  which  is  fastened  to  it  by  a  tail,  and  weighs  about  two-and-a-half  cwt. 
The  shank  of  the  pestle  is  strengthened  with  iron  hoops.  A  turning  shaft  is  so  arranged 
as  to  communicate  motion  by  cams  placed  round  its  circumference,  lifting  the  pestles 
in  succession  by  their  lifting-bars,  and  then  allowing  them  to  fall  through  a  space  of 
eiglit  or  ten  inches.  They  are  arranged  in  such  a  way  in  the  trough,  that  one  falls 
while  the  others  arc  uplifted.  There  may  be  four  cams  for  each  pestle,  and  about  seyen 
reyolntions  of  the  shaft  per  minute,  giying,  therefore,  twenty-eight  stamps  per  minute 
from  each  pestle.  Two  sets  of  three  or  foiur  pestles  each,  with  the  trough  in  which  they 
work,  is  called  a  battery^  and  a  battery  of  six  pestles  will  pound  about  sixty  cubic  feet  of 
the  ordinary  tin  stuff  of  Cornwall  (weighing  perhaps  four  or  fiye  tons)  in  twelye  hours. 

In  front  of  the  troughs  there  are  openings  fitted  with  an  iron  frame,  the  openings 
measuring  about  eight  inches  square.  This  frame  is  closed  with  sheet-iron,  bored  coni- 
cally  with  a  large  number  of  holes  in  the  square  inch,  the  narrow  side  of  the  hole  being 
towards  the  inside.  The  ore  passing  out  by  these  holes  is  receiyed  into  basins,  where 
it  is  separated  by  water  into  seyeral  .kinds  of  mud  afterwards  sifted. 

Tbe  Chmshlng-mllly  or  grinder,  consists  of  one  or  more  pairs  of  iron  rollers 
plttocd  a  yery  short  distance  apart,  and  kept  in  motion  either  by  the  direct  action  of  a 
water-wheel,  or  steam-engine,  or  by  cog-wheels  attached  to  it  Immediately  aboye 
the  rollers  is  a  hopper,  into  which  the  lumps  to  be  crushed  are  thrown,  when,  felling 
throngh  between  the  rollers,  they  are  completely  broken  into  small  fragments.  In 
some  crushing-mills  there  are  two  or  three  pairs  of  rollers,  those  below  being  placed 
very  near  together,  so  as  to  reduce  the  stuff  falling  from  aboye  still  finer ;  and  by  an 
ingenious  application  of  sieycs  kept  in  motion  by  the  machine,  &e  stuff  can  bo  sorted 
into  two  or  three  different  sizes.  Although,  by  passing  through  the  crushing-mill,  the 
material  has  been  reduced  to  yery  small  fragments,  it  is  not  all  sorted ;  but  in  the  next 
process,  by  the  jigging-machine,  or  '*  br^-sioye,"  this  is  done  to  a  considerable 
extent. 

Tlie  Jiggtng-machlne  consists  of  a  wooden  frame,  open  at  the  top,  and  pro- 
Tided  with  a  strong  screen,  or  iron  grating,  at  the  bottom :  it  hangs  oyer  a  cistern  of 
water,  being  suspended  to  a  long  leyer,  the  motion  of  which  alternately  plunges  it  into 
the  water,  and  raises  it  out  with  a  peculiar  jerk  each  time.  The  ores  being  placed  in 
the  sieye,  and  subjected  for  a  short  time  to  this  operation,  the  heayy  metallic  pieces 
settle  at  the  bottom,  while  the  lighter  fragments  of  spar  and  yeinstone  are  thrown  to 
the  top,  and  eyery  now  and  then  dextrously  skimmed  off  with  a  piece  of  board  by 
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a  nuui  who  stends  by.  In  the  (^leration  of  jiggingt  a  Tory  uapartuii  flepantion  is 
effected,  as  three  produots  are  ohtainedby  it :  the  small  rich  particles  whieh  pass  thzoagh 
the  sieye  into  the  cistern  bdow,  tnd  are  remoyed  ocoasioaaUy  as  may  be  necessary ; 
the  larger  rich  fragments  whioh  occupy  the  bottom  of  the  eistam ;  and.  tho  poor  earthy 
matter  which  fonns  a  layer  at  the  top.  This  last  product,  although  poor,  still  eontaina 
too  much  metal  to  be  lost:  it  consiBts  of  small  fragments  of  rock  or  yeinstone,.  asany  of 
which  haye  partidee  of  metal,  either  attached  to  them  at  intemdxed  with  them,  and  to 
any  eye  but  that  of  the  miner's  these  would  appear  quite  worthless,  no  less  from  the 
small  quantity  of  the  oie  than  the  manifest  diffieulty  of  separating  it  from  such  a  mass 
of  stony  matter. 

To  extract  the  oro  from  this  refuse-matter,  aeyeral  proeeami  an  used,  which  are 
chiefly  grinding  between  roli&n  placed  very  dose  to  eagh  other,  stamping  to  a  fine 
powder  by  the  stamping-mill,  and,  finally,  washing  upon  an  indiined  plane.  In  thia 
opent&on,  the  fine  metallic  mud,  or  "  sUme,"  being  can^fully  qpread  oyer  tiie  inclined 
plane  at  the  upper  end,  a  gentle  aCrcam  of  water  ia  aUowed  to  flow  oyer  it,  whieh 
washes  the  light  earthy  particles  towards  the  bottom,  leaving  the  heayier  metallic  ones 
in  a  very  pure  state  towards  the  top.  Aa  in  this  process,  and  indeed  all  other  opera- 
tions of  dressing  in  which  a  stoeam  of  wator  is  employed,  many  of  the  smallmt  and 
most  ninuta  partidea  of  the  ore  are  carried  away,  the  waste  of  which,  fli  an  eztenaive 
mine,  would  be  considerable^  it  is  aDranged  that  all  such  water  shall  pass  into  suooessiye 
leeeryoirs,  tenned  "  sUme-pits,"  in  which  the  metallic  particles  ftll  to  the  bottom,  and 
are  from  time  to  time  oeUeeted  and  subieeted.  to  suah  Izeatment  as  to  obtain  them  in  a 
tolerably  pore  state. 

BeaiMa's  lffwM»t  -^In  addition  to  these  oontriyanoeB,  mmy  haye  been  sug- 
gested from  time  to  time,  and  tried  witii  yarioua  suooess.  Aa  one  of  the  newest,  which, 
from  its  simplicity  and  eficieney,  has  attracted  much  attention  in  this  country,  and  has 
certainly  proved  very  anooessful,  we  may  refer  to  Berdaa's  machine. 

This  machiwi  oonsistaof  a  cast-iron  pan,  or  basin,  fitted  with  an  axis,  and  made  to 
revolve  in  an  inclined  or  tilted  positum.  Two  aaot^nm  balls,  or  shells,  one  nearly 
fitting  the  basin,  and  the  other  ranch  smaller,  are  plaeed  within  it^  Neac  tho  rim  of 
the  basio,  are  a  number  of  delivery  holes,  or  spouts,  provided  with  wire  gauae,  which 
can  be  so  oontrifod  aa  to  seeure  any  required  degree  oi  pulverisation*  Beneath  the 
basin,  and  revolving  with  it,  can  be  placed  a  small  frunaoa* 

The  operation  of  the  maehine  is  simple.  Being  erected  in  a  oonvaBisnt  place,  in 
nests  of  ooe^  two^  or  more  basins,  and  steam  ot  water  power  jnovided,  together  with  a 
supply  of  water  for  washing,  a  quantity  of  mercury  is  put  in  each  basin,  and  the  basins 
are  made  to  revolve^ 

The  balls  being  at  flist  canied  up  a  short  distance  by  friotton^  immediately  roll 
down  towards  the  lowest  point,  and  are  thus  made  to  reycJre  in  a  direction  opposite 
that  of  the  basin  itself.  The  mineral  is  then  introduced  on  the  off-side  of  the  larger 
ball,  in  sizes  not  larger  than  a  hazel-nut,  and  care  must  be  taken  that  the  quantity 
should  not  only  be  regulated  by  the  work  the  machine  ia  aUo  to  get  through^  but  be 
supplied,  with  great  regularity,  by  a  hopper  and  feeding  apparatua,  Tho  water  being 
admitted  to  flow  continually,  the  excess  runt  off  by  the  spout  holes,  canying  with  it, 
as  mud,  the  whole  of  the  earthy  matter  and  the  ore  that  does  not  amalgamate,  aa  fruit 
as  it  is  reduced  to  a  soffUaentiy  flne  powder  by  the  action  of  the  other  parts  of  the 
baUs.  When  required,  the  mercury,  with  the  gold  in  a  pasty  state,  or  in  solution, 
can  be  drawn  off  by  removing  a  plug. 
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A  contrhranoe  for  collecting  aay  meroury  that  may  escape  from  the  spouts  is  sup- 
plied with  the  maehine,  aad  has  been  £ound  to  succeed  well  in  preventing  ultimate  lo«. 
This  Mparatar,  as  it  is  oalXed^  would  also  collect  any  stray  particles  of  gold  that  might 
•■cape  £com  the  haain,  and  amnlgamate  *^t^m^ 

It  will  he  evident  frooLthis  description,  that  the  processes  of  pulyerising,  amalgamat- 
ing^ and  washing,  take  place  simultaneously  at  the  lowest  point  of  the  hann,  in  close 
eootaat  with  the  mercury ;  and  that  the  mercury^  instead  of  being  spread  over  a  large 
•ur&ee,  and  subject  to  be  broken  into  globules,  is  kept  together  nearly  in  one  spot. 
Henee  arises  a  g^eat  economy  of  mercury,  and  much  of  the  peculiar  accuracy  of  the 
nafihine  may  probably  be  traced  to  the  same  cause. 

These  machines  are  made  of  yarious  suies.  They  soem  eq^ially  adapted  to  the 
modsntely  rick  ores,  yielding  from  two  or  three,  to  fifteen  or  twenty  ounce*  ta  the  ton, 
of  which,  as  may  be  siqiposed,  the  quantity  is  not  very  large. 

On  the  other  hand,  some  of  the  Siberian  contriyanoea,  though  extremely  efflcacieos 
as  washing  machines  (not  amalgamating),  operating  on  as  much,  as  two  hundred  tons  in 
a  day,  with  the  labour  of  eight  horses,  twenty  men,  and  six  boys,  are  better  adapted  for 
extremely  poor  sands,  of  whidi  there  is  an  indefinite  quantity  obtainable  at  a  very  small 
VEfemo  foe  evtage  and  the  mmovid  of  rubbish,  and  which  can  be  worked  where  labour 
is  iaezpensiyei 

Tin  gtwawitwg,  ^The  operation  of  streaming  for  tin  is  extremely  like  that 
required  isa  gold  in  auriiarous  distnets ;  but  the  resultant  material  being  less  valuable, 
alargcr  per  eentage  of  ore  is  necessary. 

In  our  own  couatzy,  the  stanniferous  gravels  of  Cornwall  are  not  usually  upon  the 
Bmfase^  but  are  either  covered  with  other  gravel,  or  with  clay,  sand,,  or  peat,  which 
lequiie  to  be  remeved  bo&xre  the  ftindamental.  rock  is  reached  on  which  the  tin-stones 
reel.  The  gravel,  when  collected,  is  thrown  upon  an  inclined  plane,  upon  which  a  Hall 
of  water  is  conducted,  and  then  being  worked  about,  the  tin-.- tones,  if  of  sufficient 
volame^  and  provided  the  force  of  tho  water  is  not  too  great,  remain  upon  the  inclined 
planer  while  the  lighter  stones  and  earth  are  washed  away. 

It  is  from  this  method  of  separating  the  ore  that  such  works  have  been  called 
stream- works.  They  are  of  comparatively  small  importanee  in  reference  to  the  general 
supply,  but  still  afford  employment  to  a  number  of  the  poorer  miners. 

IMaBumd  Waahlng. — Diamonds  are  obtained  in  India,  and  elsewhere,  by  opera- 
tions which  sufiBeientiy  resemble  mining  to  justify  a  description  in  tlus  place.  They 
ooear  in  gravel  geneiaUy,  near  the  banks  of  streams,  or  in  mud-banks,  sometimes 
of  great  extent,  in  the  district  whence  they  have  been  generally  obtained.  In  addition 
to  India,  South  America  has  yielded  a  number  of  these  gems,  of  large  size  and  great 
value.  They  have  also  been  found  in  Siberia,  and  lately  in  Australia,  and  appear  to  be 
present  very  generally  where  gold  alluvia  exist. 

The  preeeas  of  exploring  is  exceedingly  simple,  and  tiie  only  tool  employed  is  a 
sharp  pickaxe.  ITith  this  tool  the  men  dig  into  every  promising  spot,  and  deposit  on 
the  banks  of  the  river  all  the  mud  and  sand  they  get  up.  There  it  is  looked  over  by 
the  women  aad  children  of  the  tribes^  who,  for  thia  purpose,  take  a  plank,  five  feet  in 
length  by  two  in  width,  hollowed  ont  in  the  middle,  and  furnished  with  a  rim  on  each 
side,  three  inches  in  height.  They  place  this  plank  in  a  position  a  little  inclined  (just 
enough,  to  allow  water  to  mn  off),  heap  upon  it  the  mud  and  sand  dug  ttom  the  river, 
and  ^A"^^'"'*^  fi>r  some  time  to  pour  water  upon  it.  As  soon  as  the  water  runs  away 
perfecUy  clear,  they  anxiously  look  over  the  hard  stony  matter  which  is  left  upon 
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the  plank,  and  pick  ont  all  the  loose  pebbles  and  larger  pieces  of  grayel ;  these  thej 
throw  away,  and  the  remaining  mass,  consisting  of  smaller  grains,  they  remove  to 
another  plank  of  the  same  form  as  the  first,  but  smaller,  and  carefiilly  spread  it  oyer 
the  surface,  so  that  every  particle  can  be  separately  examined ;  this  they  do  one  grain 
at  a  time,  throwing  away  all  that  is  merely  stone  or  gravel,  and  laying  aside  evexy 
particle  of  gold  or  crystal  of  diamond.  They  usually  contrive  to  place  the  board  so 
that  the  sun  shall  shine  upon  it,  at  a  certain  angle,  during  this  operation,  by  which  every 
partide  shall  be  well  illumined.  The  earth  chiefly  sought  after,  and  most  accurately 
examined,  ia  a  red  ochry  clay,  containing  a  small  proportion  of  oxide  of  iron ;  in  this 
the  diamond  is  most  commonly  found,  though,  as  it  is  sometimes  met  with  in  the  loose 
mud,  the  whole  ib  well  washed  and  examined. 

bon  OvMr—In  a  previous  paragraph  (see  page  235)  reference  has  been  made  to 
the  ironstones  of  the  coal  measures  while  speaking  of  the  minerals  associated  with  coaL 
The  manufacture  of  iron,  and  the  abundance  of  iron  ores  in  England,  besides  the 
peculiar  bearing  of  this  subject  on  general  mining,  form  a  combination  of  circumstances 
too  important  to  be  left  without  further  reference.  We  propose,  therefore,  to  give  an 
account  of  iron  ores,  more  especially  those  which  are  found  in  our  own  country,  as  a 
fit  termination  to  the  present  notice  of  mining  in  stratified  rooks.  We  shall  avail 
ourselves  of  an  admirable  account  of  English  iron  ores  sent  to  the  Great  Exhibition  of 
1851,  by  Mr.  S.  H.  Blackwell  of  Dudley,  and  described  by  him  in  the  catalogue.* 

Wales.— From  the  area  of  the  mineral  field  in  South  Wales,  and  the  great  variety 
in  character,  both  of  its  beds  of  coal  and  its  measures  of  ironstone  and  blackband,  it  will, 
in  all  probability,  long  remain  the  most  important  iron-making  district  in  the  world. 

The  number  of  furnaces  now  in  blast  ia  143,  averaging  about  100  tons  of  iron  each 
per  week,  or  a  gross  annual  production  of  700,000  tons,  and  requiring  2,000,000  tons 
of  ironstone,  principally  fbrmshed  from  this  coal  field.  In  North  Wales  the  production 
is  very  limited. 

ShjopBlilxe.— Annual  production  of  iron  about  90,000  tons.  This  field  was  one 
of  the  first  important  iron-making  districts  of  the  kingdom;  but  from  its  limited 
extent,  the  production  of  iron  in  it  has  remained,  for  a  considerable  period,  nearly 
stationary.    The  quality  which  it  produces  is  very  good. 

South  Staffmdihixe*— The  Gubbin   and  White  Ironstones  are  the  principal 

*  So  extensive  are  the  ironstone  beds  of  the  ooal  mearares,  that  they  ftuniflh  in  themselTes  the 
greater  part  of  the  iron  produced  in  Great  Britain ;  bat  the  reader  ahould  be  aware  that  the  iron* 
making  resources  of  the  kingdom  are  by  no  means  oonflned  to  them.  The  carboniferous  or  moun- 
tain-limestones of  Lancashire,  Cumberland,  Durham,  the  Forest  of  Dean,  Derbyshire,  Somersetshire, 
and  South  Wales,  all  furnish  important  beds  and  yeins  of  hnmatite ;  those  of  UWerston,  Whitehaven, 
and  the  Forest  of  Dean  are  the  most  extensively  worked,  and  seem  to  be  ahnost  exhaustlesa.  The 
brown  hnmatites  and  white  carbonates  of  Alston  Moor  and  Weardale  also  exist  in  such  large  masses 
that  they  must  ultimately  become  of  great  importanoe.  In  the  older  rocks  of  Devon  and  Cornwall 
are  found  many  important  veins  of  black  hasmatite,  and  in  the  granite  of  Dartmoor,  numerous  veins 
of  magnetic  oxide  and  specular  iron  ore.  The  new  red  sandstone  Aimishes,  in  its  lowest  measure, 
beds  of  hsBmatitic  conglomerate.  In  the  lias  and  oolites  are  important  beds  of  argillaceous  iroa- 
stones,  now  beooming  extensively  worked;  and  the  iron  ores  of  the  greensand  of  Soasex,  once  tiie 
seat  of  a  considerable  manulkcture  of  iron,  may  again  become  available,  by  means  of  the  facillttos  of 
railway  communication. 

The  produce  of  the  manufacture  of  iron  in  Great  Britain,  in  1750,  was  only  about  S0,000  tons ;  in 
1800,  it  had  increased  to  180,000  tons ;  in  1825,  to  800,000  tons.  In  the  following  year  the  duties  upon 
the  introduction  of  foreign  iron  were  either  removed  or  rendered  tiwminai^  gjnoe  wbkh  the  ptodne- 
tion  of  iron  has  nearly  quadrupled,  being  now  about  3,290,000  tons. 
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UYMutoneB  of  the  Dudley  district  The  former  wiU  ayerage  about  1»600  tons  per  acre ; 
the  latter  yariee  much  both  in  quantity  and  riohnesB,  but  jiMi  about  the  same  average. 

In  the  Wolveihampton  dietrioto  there  are  six  bands  of  ironstone,  all  of  extremely 
good  quality,  ayeraging  from  80  to  35  per  cent.  From  the  low  cost  at  which  they  are 
generally  raised,  the  number  and  yarioty  of  the  measures  both  of  eoal  and  ironstone 
contained  in  so  small  a  space  of  ground,  and  the  superior  quality  of  the  iron  produced, 
this  part  of  the  South  Staffordshire  coal  field  may  be  considered  aa  one  of  the  most 
important,  in  proportion  to  its  area,  of  any  of  our  iron-making  districts.  It  is  indeed 
considered  to  be  the  second  most  important  iron-making  district  in  the  kingdom,  for 
although  the  production  of  pig-iron  in  Scotland  is  equal  to  that  of  this  district,  yet  it 
far  surpasses  Scotland  in  the  manufacture  of  wrought-iron ;  whilst  the  superior  quality 
produced  also  giyea  it  pre-eminence  oyer  that  of  Wales.  The  annual  production  ci 
iron  is  nearly  600,000  tons. 

If osth  Staffoidddve,  although  not  of  great  importance  dtnetly,  as  an  iron- 
making  district,  its  annual  produce  being  only  about  55,000  tons,  is  remarkable  from, 
the  amaring  extent  of  ironstone  which  it  contains,  and  the  large  quantities  sent  thence 
to  the  South  Staffordshire,  and  the  North  Welsh  iron  districts.  No  other  known  coal 
field  contains  anjrthing  like  an  equal  number  and  extent  of  ironstone  measures.  From 
the  Bassey  Mine  to  the  Knowles  Mine,  a  series  of  measures  at  the  Foley  Colliery, 
Longton,  of  only  250  yards  in  thickness,  there  are  nine  distinct  workable  measures  of 
ironstone.  At  Apedale,  the  Blackband,  Bed-shag,  Bassey  Mine,  and  Bed  Mine,  iron- 
stones are  respectiyely  4,  6,  7,  and  9  feet  thick.  In  consequence  of  so  large  a 
proportion  of  the  cheapest  worked  ironstone  measures  being  Blackband  or  carbonaceous 
and  also  from  the  inferior  quality  of  its  coals,  the  iron  of  this  district  is  inferior. 

ToskoUve  and  ]>Mrb7i]ilz»«r— In  the  northern  district  the  annual  production  of 
iron  is  about  25,000  tons,  and  the  quality  of  iron  yery  superior.  The  Low  Moor  and 
Bowling  marks  are  especially  celebrated.  The  beds  of  coal  in  this  district  are  exceedingly 
thin ;  and  only  one  is  used  for  iron-making  purposes.  The  production  of  the  southern 
district  is  about  20,000  tons.  In  Derbyshire  many  of  the  beds  of  ironstone  lie  in  such 
a  thickness  of  measure  as  only  to  be  workable  to  adyantage  by  open  work  or  bell-pits. 
Where  these  moans  of  working  can  be  adopted,  the  produce  per  acre  is  oftentimes  yery 
largo;  in  the  Honeycroft  Rake  it  is  6,000  tons  i>er  acre;  in  the  Black  Shale  8,000  tons. 

H oithoBa'bmUiidy  Gumbmland,  and  Ihurliaai.— The  annual  production  ot 
iron  is  about  90,000  tons.  The  iron  works  of  this  district  are  gradually  increasing  in 
importance,  the  cost  of  fuel  being  so  low  as  to  permit  ores  to  be  brought  from  many 
different  localities.  The  black  bands  of  Scotland,  and  of  Haydon  Bridge,  the  brown 
luematites,  and  white  carbonates  of  Alston  and  Weardale,  and  the  argillaceous  iron- 
stones of  the  lias  of  Whitby  and  Middlesborough,  are  aU  used  for  the  supply  of  the 
iron  works  of  this  district. 

The  brown  htgnuUiUt  desorye  especial  attention.  They  are  found  associated  in  yery 
large  mfinnanj  with  the  lead  yeins  of  this  district,  and  occasionally  they  occur  as  dirtinct 
and  regular  beds.  They  contain  from  20  to  40  i>er  cent,  of  iron.  Sometimes  they 
exist  as  **  riders  "  to  the  yein,  sometimes  they  form  its  entire  mass,  and  in  this  case 
they  occasionally  attain  a  thidqxess  of  20,  30,  and  eyen  50  yards.  Their  employment 
for  iron-making  piuposes  is  only  recent ;  but  the  supply  of  ore  which  they  can  furnish 
is  almost  unlimited ;  and  when  some  better  means  of  separating  the  zinc  and  lead 
associated  with  them  may  haye  been  discoyered,  they  will,  doubtless,  be  found  to  be  of 
great  importance. 
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Xancashlxe  and  West  -CimiWvlMid.— The  production  of  iron  in  this  ^dstriet 
is  very  limited  ;  but  the  quality,  charcoal  being  used  fer  fbel,  ib  Tnymiperior,  and  tiie 
produce  combines,  Trith  the  fluidity  of  cast-iron,  a  certain  malleability,  especially  affcer 
careful  annealing.  The  ore,  both  of  the  Whitehayen  and  the  UlTerstone  and  Funesa 
districts,  is  raised  most  cxtensiTely  for  shipment  to  the  iron  wotfo  of  Yoricshire,  Staf- 
fbrdshire,  and  North  and  South  Wales.  In  quality  tiiese  ores  may  be  considered  as  lite 
finest  in  this  kingdom,  and  the  supplies  which  these  districts  ore  calculated  to  produce 
are  very  great.  The  large  per  centage  of  iron  which  they  contadn  (irom  airty  to  sixtj- 
fiyo  per  cent.)  and  their  superior  quality,  also  enable  them  to  bear  the  cost  of  transport, 
and  they  are  becoming  every  day  of  greater  importance.  They  aro  fonnd,  both  aaveiiu 
traversing  the  beds  of  the  mountain  limestone  formation,  transversely  to  the  linea  of 
stratification,  and  also  as  beds  more  or  less  regular.  The  fonner  is  the  general  character 
of  the  Ulverstonc  and  Fumess  ores,  no  clearly  defined  bed  being,  as  yet,  Imown  in  that 
district,  whilst  atWhitehaven  thero  are  two,  if  not  more  beds,  of  irregolsr  tSuckaeas,  but 
with  clearly  defined  fioors  and  roo£i,  and  oftentimes  suVdivided  themselves  ^by  regular 
partings.  These  beds  attain  a  considerable  thickness,  occasionally  twenty  or  thirty 
feet.  The  area  over  which  they  extend  is  not  as  yet  well-known;  but  they  have  been 
worked  extensively  for  many  years,  and  the  workings  upon  them  are  rapidly  increasing. 
They  lie  beneath  and  close  to  the  coal  measures,  wfaidi  both  furaish  the  neoeasaxy 
fuel  and  also  important  beds  of  argillaceous  ironstones  for  admixture. 

Fewest  of  Bean. — ^Tho  annual  production  is  about  thirty  thousand  tons.  The 
ores  aro  carboniferous,  lying  beneath  the  coal  measures ;  but  Ihero  is  also  a  bed 
worked  locally  in  the  millstone  grit.  The  limestone  ore  occujnes  a  regular  position  in 
the  measures— assuming  rather  iihe  character  of  a  series  of  chambers  than  a  regular  bed. 
These  chambers  aro  sometimes  of  great  extent,  and  contain  many  tiiousand'tons  of  ore, 
which  is  generally  vczy  cheaply  raised ;  no  timbering  or  other  sujjport  for  tiie  roof 
being  required.  The  supply  of  oro  is  almost  unlimited,  and  the  iron  made  irom  it  is 
celebrated  for  the  manufacture  of  the  best  tin  plate,  and  always  bears  a  high  price.  It 
is  raised  extensively  for  shipment  to  the  iron  woiks  of  South  Wales.  It  was  woilced 
at  a  very  ancient  date,  either  by  the  Romans  or  the  Britons,  as  is  evident  fix>m  tiio 
romains  of  old  workings  along  the  outcrop  of  the  oro  bed.  This  oro  averages  from 
30  to  40  per  cent, 

aUsccllaneoiu  ]iesoiticeB.~Pisolitic  iron  ores  lurvel>eenibund  in  thetild  rocks, 
and  have,  at  differont  periods,  been  worked  to  a  considerable  extent,  for  transport  to 
South  Wales.  They  ore  of  inferior  quality ;  but  the  large  masses  in  which  they  lis 
enable  them  to  be  raised  at  a  very  trifling  expense.  They  aro  found  at  Treraadoo, 
Pwllheli,  Caernarvon,  Island  of  Anglesea,  and  many  other  locaHties  round  the  Nortii 
Welsh  Coast,  and  will  doubtless,  at  some  period,  prove  of  importance,  from  ^»  great 
extent  to  which  they  aro  thero  developed. 

Hssmatxtio  conglomerates  aro  found  at  iSie  base  of  fte  new  red  sandstone,  and 
generally  occupy  the  position  of  its  lowest  bed.  Their  efaaiacter,  as  woiking  ores,  is 
very  variable,  being  sometimes  mixed  up  with  so  much  extraneous  material  as  almost 
to  be  worthless ;  but  occasionally  they  exist  in  roguhtr  beds,  and  contain  so  large  a 
proportion  of  Hsmatite  as  to  become  of  considerable  importance. 

The  clay  ironstones  of  the  lias  aro  only  just  beginning  to  add  to  our  iron-making 
rosourocs.  They  furnish  an  instance  of  the  unexpected  development  of  national  wealth, 
arising  from  tho  facilities  afibrded  by  railroads.  Some  of  these  aro  raised  along  the 
outcrop  of  the  beds  along  the  coast  from  Whitby  to  Scarborough.    The  ooet  of  raising 
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is  trifling.  Otken  are  from  a  bed  at  MidcBesboroogfa,  -whoae  tliickneas  is  TDiy  inegiilar, 
aomstimes  aMOimtiiig  to  twelTO  or  fonrtcen  feet,  bnt  areraging  about  six  feet 

The  NorthamptoBahire  oolites  also  yield  yeiy  large  quantities  of  an  ore  of  moderate 
richness,  besides  a  considerable  amormt  extremely  lieh.  All  tbese  are  at  present  eon- 
Teyed  by  rail  to  tiM  places  wkere  fuel  is  dieap,  and  they  are  not  likely  to  be  availaUe 
m  any  other  way. 

CayAtt  DteMet^— From  the  TaBey  of  tiie  Clyde  are  obtained  supplies  of  ironstone, 
of  great  tbIhc — ^more  especially  the  Naek  bandt,  first  discovered  and  woiked  m  tiiis 
district  to  great  profit.  These  rich  beds  alternate  with  the  coal  seams;  and  fimn  the 
wsnarirahle  fiunlities  offered  by  the  mode  of  their  occmrence,  and  the  pecnHar  mode 
adopted  in  reducing  them,  an  iron  is  obtained  at  an  onusnaHy  low  rate. 

The  TxMttBMat  of  Oitts  yaries  according  to  the  nature  of  Ihe  ore ;  but  may 
be  generally  explaned  in  a  few  words.  Those  ores  which  consist  chiefly  of  carbonate 
of  iron  require  roaming,  either  in  open  heaps  or  in  ftimaccs,  in  order  to  expel  water, 
Balphar,  and  oacbonic  acid,  and  render  them  more  porous ;  but  the  oxides  are  more 
easily  managed,  and  it  is  usual  in  England  to  make  an  admixture  of  such  ores  as  will 
help  each  other  in  ftising.  When  prepared  and  mixed,  the  ores  are  put  into  the  furnace 
with  ooke  or  coal,  and  with  such  mineral  substances  as  will  combine  "with  the  earthy 
impurities  of  the  ore,  whateyer  they  may  be,  and  serve  as  a  flux.  Limestone  is  a 
common  flux  when  the  ore  contains  alumina  and  silica,  as  do  the  day  ironstones  of 
the  coal  measures ;  but  when  the  ore  is  chiefly  calcareous,  already  including  much  car- 
bonate of  lime,  citica  and  alumina  are  needed ;  and  thus  it  becomes  advantageous  to 
mix  aiUcious  witih  calcareous  oree>  in  such  proportions  as  to  avoid  the  necessity  of 
flux. 

SnU  Woiks.— There  are  many  other  substances  to  which  the  general  principles 
of  mining  for  coal  may  be  applied,  and  which,  therefore,  belong  to  this  part  of  our 
suoject.  It  is,  however,  unnecessary  to  detain  the  reader  with  them,  as  they  involve 
no  new  methods.  Of  these,  salt  is  perhaps  the  most  important  mineral ;  but  the  usual 
mode  of  obtaining  it  from  the  new  red  sandstone  of  Cheshire,  where  it  is  very 
abundant,  is  in  most  respects  similar  to  the  ordinary  colliery  methods  of  South  Staf- 
Indahire.  There  is  no  danger  in  these  eases  of  explosire  gases ;  but  carbonic  acid 
gas  is  not  unknown. 

OEOLOOT  OF  IT  ^INO  IN  MZNEBAI.  VEINS. 

Mintn  1  ▼•ias.—The  diflbrenc*  is  so  great  between  removing  portions  of  a 
deposited  rook,  as  in  coal-mining,  and  laying  out  or  carrying  on  those  operatiotts  by 
whioh  the  oonmion  ores  of  copper,  ki  d,  Ac.,  are  obtained  from  mineral  veins  as  to 
require  a  separate  consideration  of  this  latter  subject,  and  a  reference  to  those  points 
whioh  are  essential  for  success. 

A  mineral  vain  has  more  resemblance  to  the  dykes  and  fiuilts  spoken  of  in  coal 
mining,  and  already  described,  as  £u-  as  they  aflbct  stratified  deposits,  ^an  it  has  to  the 
deposits  themselves,  of  whatever  nature  they  be.  It  may  be  explained  as  a  crevice 
more  or  less  vertical,  caused  by  the  contraction  during  drying  or  metamorphosis,  or  by 
the  mechanical  disturbance  of  a  rock,  this  crevice  having  been  subsequently  filled  up. 
It  may  or  may  not  be  connected  with  upheaval ;  it  may  be  wide  cr  narrow,  regular 
or  in^golar,  limited  in  extent^  or  ranging  very  widely ;  and  it  may  either  be  easily 
recognisahle  or  extremely  obscure.  It  is  usually  occupied  with  erystalline  minerals  of 
some  kind,  whence  its  name;  but  these  are  only  occasionally  metalliferous,  and  it  is 


Digitized  by  LjOOQIC 


261  MINEAAL  VEINS. 


not  always  even  when  metaliifaroiu  minerals  occur  that  they  are  sufSoiently  abun- 
dant, acceasible  enough  in  a  conyenicnt  chemical  condition,  or  bo  intrinsically  valuable  as 
to  be  worth  extracting.  Nor  are  the  contents  of  yeins  always  crystalline,  though, 
it  seldom  happens  that  there  is  a  total  absence  of  metamorphlc  action. 

So  yaried  are  the  appearances  put  on,  eyen  in  different  parts  of  our  own  country,  by 
these  mineral  yeins,  and  so  numerous  are  the  modifications  elsewhere,  that  any  minute 
definition  of  the  term  is  out  of  the  question.  Still  it  is  essential  that  the  student  in 
this  department  of  geology  should  haye  some  information  on  which  he  can  rely.>  The 
veins  differ  essentially  according  to  the  rocks  they  trayerse ;  and  thus,  in  giving  an 
account  of  them,  it  will  be  advisable  to  consider  separately  those  occuiring  in  stratified 
rocks  (such  as  alternating  limestones  and  sandstones),  those  in  metamorphlc  schists,  and 
those  in  granite,  basalt,  and  other  rocks  chemically  arranged. 

In  altered  stratified  rocks  both  copper  and  lead  yeins  occur  *,  but  in  this  country, 
and  indeed  generally,  the  latter  are  the  most  common  in  limestones  and  grits,  while 
copper  prevails  in  slates,  schists,  and  porphyritic  rocks.  The  veins  of  lead  ore  that  are 
most  characteristic  occur  in  the  carboniferous  rocks  of  Wales,  Derbyshire,  Durham,  and 
Northumberland,  and  are  of  three  kinds,  which  are  technically  known  as  ra&eveiiUy 
pipe  veins,  and  Jlaie,  Copper  ores  occurring  in  metamorphic  schists  and  granites,  are 
chiefly  found  in  England,  in  the  counties  of  Cornwall  and  Devonshire. 

BialM  Teins  are  simple  crevices  crossing  all  the  rocks  of  a  series,  generally  ver- 
tical or  highly  inclined,  and  having  all  the  characters  of  crevices  formed  in  the  rock 
by  contraction — a  gash  or  open  fissure  having  thus  been  formed,  which  has  sometimes, 
on  subsequent  upheaval,  expanded  the  gap  already  formed,  or  produced  a  small  fiiult  or 
slip,  preventing  the  two  sides  of  the  fissure  from  now  corresponding.  Such  crevices  in 
England  are  rather  limited  in  extent ;  but  in  South  America  they  haye  been  followed 
sometimes  for  more  than  fifty  miles. 

There  are  two  kinds  of  rake  veins,  one  consistiug  merely  of  cracks  or  rents,  wi^- 
out  any  slip  or  disturbance  of  the  strata— <the  other  including  faults,  so  that  the  edges, 
originally  opposite,  are  now  at  different  levels.  The  latter  {slip  veins),  are  often 
twitched — ^in  other  words^  the  intervening  space  between  the  walls  (or  cheeks)  of  the 
vein  are  irregular,  sometimes  large,  and  then  immediately  closed,  thus  forming  a  suc- 
cession of  pockets  or  bellies,  which  are  often  filled  with  ore,  but  which  are  separated 
by  intervals  where  the  ore  does  not  exist  at  all,  )r  is  too  poor  to  pay  for  working.  On 
the  other  hand,  the  former  (^mA  veins)  are  more  regular,  generally  rather  wider  at  top 
than  lower  down,  and  often  found  to  close  altog  >ther.  As  an  example  of  the  magni- 
tude of  veins  of  this  kind,  and  the  extent  to  which  they  are  sometimes  filled  with  ore, 
may  be  mentioned  the  case  of  a  mine  at  Uangunog  m  Wales,  which  showed  for  some 
time  a  solid  rib  of  galena  (lead  ore)  five  yards  wide  in  the  middle  of  the  vein.  From 
the  workings  of  this  vein,  we  are  told,  "  The  ore  was  poured  out  of  the  kebbles  at  the 
shaft  head  into  the  waggons,  and  carried  directly  to  the  smelting-house,  without  being 
touched  by  the  washers  and  dressers  'of  ore,  besides  several  feet  upon  the  sides  of  the 
vein  which  was  mixed  with  spar  and  other  stony  matter,  and  went  through  the  hands 
of  the  washers."* 

This  noble  vein  was  cut  off  below  by  a  bed  of  black  schist,  and  was  never  after- 
wards recovered. 

The  slip,  or  throw  veins,  are  less  vertical  than  the  gash  yeins,  and  are  often  toler- 
ably regular.  They  traverse  all  the  strata ;  but  they  do  so  unequally — that  is,  the 
*  Forster's  Sections  of  Strata,  p.  187. 
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interval  between  the  walls  is  very  apt  to  vary  in  croBsing  different  rocks,  and  the  yalue 
of  the  yein  for  ore  is  also  greatly-  affected  by  the  nature  of  the  strata.  They  contain 
ore  often  distributed  in  threads  or  strings  of  yarious  thickness,  with  much  spar  or 
other  nuneral  matter;  but  the  actual  space  is  not  nnfrequently  filled  up  with  clay. 

Obeying  the  law  of  faults  already  spoken  of  in  reference  to  the  coal  measures,  there 
are  certain  technical  rules  for  miners  in  slip  veins,  derived  from  observation,  and 
extremely  useful.  Amongst  these  may  be  mentioned  the  fact,  that  if  the  vein  traverses 
several  strata,  it  will  be  found  most  regular  in  the  thickest  of  them.  It  is  also  the 
ease  that  the  ore  in  such  veins  is  extremely  irregular,  following  no  law  that  can  bo 
traced  to  have  regard  to  the  nature,  magnitude,  regularity,  extent,  or  other  conditions 
of  the  vein. 

It  is  regarded  as  a  bad  sign  in  a  working  to  find  the  vein  diveige  into  strings;  and, 
on  tilie  other  hand,  a  junction  of  two  or  more  strings  or  veins  is  looked  on  as  &vourable. 
Veins  that  cross  the  prevailing  systeois  have  rarely  been  found  so  productive  of 
motallic  ores  as  the  others,  except  at  the  place  of  crossing,  where  they  are  usually 
rich. 

Besides  the  more  regular  rake  veins,  as  above  described,  there  are  some  of  the 
same  general  kind,  which  are,  to  a  certain  extent,  exceptional.  The  most  remarkable 
are  those  which  open  suddenly  into  large  bellies  of  ore,  and  those  which  open  and  close 
alternately,  forming  waving  veins.  In  these  cases  there  is  Uttle  if  anything  to  guide 
even  the  most  experienced  miner;  but  it  often  happens  that  such  veins  are  of  great 
value  where  they  open,  although,  when  once  dosed,  it  is  quite  uncertain  whether  they 
again  contain  ore. 

Vipe  ▼•ins  are  of  the  nature  of  irregular  cavities,  inclined  at  various  angles  to 
the  horizon,  and  consisting  generally  of  expansions,  or  hollow  spaces,  parallel  to  .the 
bedding  of  Utie  rocks  in  which  they  occur.    They  differ  therefore  essentially  and  in  prin- 
ciple from  the  crevices  which  form  rake  veins,  though  in  some  districts  they  are  quite 
as  remaikable  for  their  mineral  wealth.    Such  veins  are  occasionally  filled  with  spar 
and  ore,  and  sometimes  almost  entirely  occupied  with  soft  mineral  soils.    They  are  by 
no  means  confined  to  a  tubular  form,  nor  arc  they  always  continuous  between  two  dis-     I 
tinct  beds  of  stone;  but  thoy  owe  their  name  to  one  peculiar  characteristic — ^namely,     | 
that  they  have  no  proper  longitudinal  bearing,  and  can  only  be  regarded  as  having  the 
direction  of  their  length ;  and  this,  as  has  been  said,  corresponds  to  the  dip  of  the  strata     , 
in  which  they  occur.  I 

Flat  ▼einSf  like  the  former  class,  correspond  with  the  strata,  but  instead  of  being  | 
irregular  cavities,  axe,  as  the  name  imports,  comparatively  flat,  or  at  least  coixespond  | 
irregularly  with  the  stratification.  The  beds  above  and  below  such  flats  are  usually  : 
distinct  and  well  marked,  and  so  far  they  resemble  beds  of  coal  between  shale  and  | 
sandstcme,  but  they  contain  spar  and  ore.  Occasionally  several  flat  veins  extend  j 
between  bands  of  rock  from  the  place  where  a  rake  vein  crosses,  while  sometimes  an  | 
accumulated  vein  occurs  of  the  nature  of  a  pipe,  connected  with  flats  of  ore  and  lead,  I 
to  ftana  a  rake  vein.     Some  cavities  thus  filled  are  of  extraordinary  dimensions.  I 

The  kinds  of  veins  above  described  are  chiefly  found  in  the  limestones  and  shales  I 
belonging  to  the  carboniferous  series  of  rocks,  and  form  a  well  marked  and  important  ; 
group,  especially  for  lead  and  zinc  ore  (sulphurets)  in  this  country.  Something  of  the  ! 
same  condition  prevails  on  the  continent,  especially  in  the  limestone  districts;  but  the  ' 
veins  (caUed  lodta)  in  Cornwall,  and  many  other  mining  districts,  ore  so  fSar  different,  in  ' 
important  respects,  as  to  need  special  description. 
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ZMvectioa  «€  bodeft.— Wlien  netamorphic  xoda  (inolvdmg  nndar  this  geoenl 
name  all  granites  and  otbcr  xocka  commonly  spoken  of  as  igneons)  an  oanfiilly 
exonined,  they  aze  always  fonnd  striped  and  Tariegated  by  a  mnititnde  off  tioeads  or 
irregnlar  reins  intenecting  the  man.  Many,  indeed  most  of  these,  are  of  some  siaqple 
mineral,  either  quarts,  limestone,  sulphate  of  baryta,  or  others,  Yarying  aoeoidiag  to 
the  nature  of  the  rock;  and  in  such  case,  the  directions  of  the  yeins  are  not  each  as  to 
give  any  idea  of  83rBtcm.  Besides  these,  however,  there  axe  other  veins  often  mneli 
larger  in  dimensions,  fhongh  of  the  same  nature,  partially  filled  with  ores  of  Tsziona 
metals,  and  not  unfreqoently  so  iu  capable  of  being  grouped  into  aystems  as  to  enable 
us  to  speak  of  a  deftmte  oompass-bearing  as  belonging  to  %  certain  series  or  groiq»  of 
veins.  It  is  also  found  that  the  mineral  veins  containing  ore  are  more  or  less  {taraHel 
to  the  general  lino  of  elevation  whidi  has  brought  up  the  mountain  range  or  elevated 
bands  of  metamorphic  (igneous)  rock  in  the  district.  Thus  in  ConrvaU,  «  gtace 
at  the  geological  map  would  show  at  once  that  this  direction  was  east  aad  west,  or 
nearly  so ;  and  this  accordingly  is  the  bearing  of  the  principal  rich  metaUifaroiis  vesDa 
of  the  district.  There  are,  however,  other  not  unimportant  veins  at  right  angles  to 
these,  usually  bearing  metals  different  from  the  former  and  less  ahamdant,  and  some- 
times there  are  veins  running  nearly  north-east  and  south-west,  which  are  called  emirmt 
(technically  caunUn).  These  are  Ihe  three  kinda  of  mineral  vein  or  lode  of  the  soul^ 
west  of  England,  the  right  ninning,  or  east  and  west  lodes,  containing  copper  and  tin 
(the  metals  of  the  district) ;  the  cross  conraes,  or  north  and  south  lodes,  usually  bearing 
lead ;  and  lihe  oontres  north-east  and  south-west,  or  north-west,  and  south-east,  not  often 
valuable,  but  bearing  copper  rather  than  lead. 

Thus  in  the  lead  veins  already  alluded  to  there  axe  certain  rules  thai  appev  calcu- 
lated to  guide  the  miner,  though  the  reason  has  not  yet  been  clearly  made  out.  Thus 
changes  of  all  kinds  in  the  nature  and  even  in  the  hardness  of  a  rock  are  indicsctrro 
of  a  change  in  the  yield  of  ore :  an  entire  change  of  ground  iaimrdy  without  a  madoed 
alteration;  and  in  rospeot  of  particular  metals,  %  change  from  slate  to  granite  ia  frivour- 
able  for  tin,  but  unfavoorable  for  copper. 

MagBltmda  «€  S«des.-*The  magnitude  of  true  Teins  or  lodes  is  exceedingly 
Virions ;  wmkable  veins  existing  in  which  the  thickness  of  the  metalliferous  portion  is 
only  a  few  tenths  of  an  inofa,  while  others  range  for  many  hundred  frAhoma,  aad  e?en 
for  miles,  always  rich  and  valuable.  Sometimes  when  a  vein  expands  it  beoomea 
poor ;  but  instances  are  known  wh  ^re  the  thickest  part  of  a  rich  lode  is  also  the  lichert 
part.  There  are  masses  of  iron  ore  'n  Piedmont  three  hundred  and  fifty  yards  thick ; 
and  the  groat  open  mine  at  Fahlun,  in  Swedoi,  is  half  a  mile  long,  and  several  hmdred 
yards  wide.    Such  masses  are  sometimes  called  stockwodcs,  frtnn  a  Gennan  word. 

The  depth  of  the  metalliferous  portion  of  a  lode  is  unknown.  It  is*  however, 
generally  imagined,  p<»haps  without  much  reason,  thai  the  ores  of  tan  are  moot  vnlndile 
at  a-small  depth,  while  those  of  copper  increase  in  value  and  amount  as  we  desoend. 
The  swelling  out,  as  well  as  the  bifurcation  of  a  vein,  certainly  afiiects  its  rfehnofff^ 
The  transition  frtim  shales  or  schists  (called  kSloi  in  Coniwall),  to  granite  or  dvu 
(porphyritic  dykes  so  called),  is  sometimes  accompanied  by  «  great  iraprovemflnt  in  a 
lode  crossing  them ;  but  this  sometimes  impoverishes  it. 

Lodes  range  along  Ihe  surfaee  sometimes  for  a  long  distance,  being  rich  at  intemda; 
and  the  distance  has  some  reference  to  the  magnitude  of  the  disturbing  foroes  affeeting 
the  district.  Thus,  while  there  are  few  instanoes  in  England  of  lodes  being  distmotly 
traceable  many  miles,  there  is  a  vein  in  Chili  nine  feet  thick,  which  has  been  pnyved 
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for  ninety  milei,  and  whioli  is  accompanied  by  brandies  thirty  miles  in  lengtii.  The 
width  of  this  lode  is  about  nine  feet. 

The  nature  of  the  rock  enclosing  the  lode  has  already  been  spoken  of  as  often 
greatly  affecting  the  form  of  the  rein,  its  magnitude,  and  its  liohes.  The  presence  of 
dykes  of  igneous  matter  (elrans),  is  also  to  be  noticed  as  influential.  There  is  no  Umit 
to  the  Tarieties  of  appearance  presented  by  veins  in  different  districts,  and  nothing 
short  of  sound  knowledge  and  large  experience  will  justify  any  one,  howeyer  acute, 
or  howcTer  fiimiliar  with  the  details  of  any  one  district,  in  coming  to  a  conclusion  as  to 
the  value  of  mineral  indications  in  a  new  locality. 

raUng  of  Telas. — ^Mineral  veins  arc  not  merely  crevices  in  rocks,  but  crevices 
occupied  with,  mineral  substances  in  a  certain  condition ;  and  we  must  now  consider 
this  condition  in  reference  to  the  metalliferous  ores.  By  far  the  greater  part  of  the 
contents  of  a  vem  or  lode  consists  of  earthy  minerals,  which,  however,  arc  generally 
in  a  state  more  or  less  crystalline.  The  name  of  spar  is  given  to  such  crystalline 
minerals,  and  amongst  them  appear  quartz  in  various  states ;  carbonate  of  lime,  also  in 
Tsrious  forms,  fluato  of  Ume,  sulphate  of  lime  (comparatively  rare),  sulphate  of  barytea, 
&c.,  besides  many  beautiful  and  more  complex  minerals.  With  them  are  associated, 
often  in  great  abundance,  iron  pyrites  or  sulphurct  of  iron ;  and  as  metalliferous  orss 
we  find  occasionally  several  native  metals,  metallic  oxides,  metallic  sulphnrets,  and 
numerous  double  and  triple  salts  of  metals,  besides  various  combinations  of  metals. 
The  object  of  the  miner  is  to  extract  such  of  these  ores  as  will  repay  the  cost  of  getting 
and  working.  In  place  of  the  hard  crystalline  or  semi-crystalline  earthy  minerals  are 
sometimes  found  soft  clayey  substances,  often  coloured  with  iron;  and  not  unfrequently, 
when  the  vein  is  in  a  large  fissure,  it  is  occupied  with  a  large  quantity  of  tough  day, 
greatly  interfering  with  the  value  of  the  lode,  which,  under  such  circumstances,  usually 
dies  out.    Such  a  vein  is  called,  by  Cornish  miners,  ajlookm. 

There  is  often  ample  proof  in  the  mode  of  filling  a  vein  that  this  operation  has 
taken  place  subsequently  to  its  formation,  and  in  many  cases  something  of  the  history 
can  be  traced.  In  mines  in  Germany  it  is  not  uncommon  to  meet  with  veins  chiefly 
occupied  with  a  breccia  or  conglomerate,  cemented  together  by  quartz,  carbonate  at 
lime,  or  other  mineral.  Remarkable  instances  of  this  are  described  by  Werner,  and 
in  many  of  these  instances  there  is  a  large  open  cavity  oonnccted  with,  and  forming 
part  of,  the  vein ;  and  there  has  evidently  been  in  such  cases  a  considerable  amount 
of  mechanical  arrangement,  succeeded  by  chemical  action  on  a  large  scale. 

Iiit«necti]ig  Teias. — Sets  of  veins  exist  in  all  mining  districts  which  are 
oroflsed  and  displaced  more  or  less  by  other  veins.  The  latter  must  evidently  be  of 
more  modem  date  than  the  former,  and  thus  something  is  learnt  as  to  the  history  of 
the  filling  up.  Since,  however,  veins  are  found  containing  all  the  usual  earthy 
Hdnerak,  and  most  of  the  common  metals  penetrating  rocks  of  the  most  recent  date  (and 
therefore  clearly  themselves  yet  more  modem),  there  ceases  to  be  any  question  as  to 
te  possibility  of  these  repositories  being  formed  and  filled  up  within  a  veiy  brief 
period,  compared  with  that  occupied  by  the  deposition  of  known  strata. 

nUbtUkutkom,  of  lletals. — Rocks  of  almost  all  kinds  are  occasionally  split  and 
fisBiired,  either  by  simple  contraction  or  upheaval,  so  that  veins  of  some  sort  or  other 
are  widely  spread  in  all  countries.  It  is  even  the  caae  that  certain  metals  are  almost 
equally  distributed,  such  as  iron  and  manganese ;  but  the  veins  ara  sddom  woxked, 
fir  Taiiona  reasons.  Practically,  however,  it  happens  that  ihe  valuable  metals  and 
Mfftalliff  ores  are  either  dispersed  at  rare  intervals  over  the  earth,  being  confined  to  a 
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few  localities,  distant  from  each  other,  or  else  that  they  are  luuallj  present  in  quantities 
so  small  as  to  have  no  yalue.  Thus,  while  gold,  as  already-  said,  is  yery  uniyenally-  met 
with,  it  seldom  pays  the  cost  of  working ;  and  silver,  though  much  less  common,  is 
more  profitable  for  regular  mining.  Copper,  lead,  tin,  and  zinc,  the  metals  of  which, 
next  to  iron,  there  is  the  largest  and  most  regular  demand,  inyolve  far  lessYiak,  and,  in 
the  end,  produce  much  larger  profits.  Mineral  veins,  therefore,  are  objects  of  the 
greatest  interest  in  aU  their  details,  and  any  information  concerning  them  is  useful, 
and  may  lead  to  important  results.  The  associations  of  metals  with  each  other,  and 
with  various  veinstones  or  spars — the  relative  value  of  veins  having  certain  common 
peculiarities  of  position  or  appearance — the  appearances  at  the  surfietce,  which  lead  to  a 
knowledge  of  the  interior,  are  all  points  of  interest ;  and,  having  said  a  few  words  with 
regard  to  some  of  them,  we  may  proceed  to  give  the  student  a  practical  definition, 
which  will  guide  him  in  many  cases,  and  be  a  starting-point  for  further  information 
in  many  others. 

B^capitiilatloiu — ^Mineral  veins,  then,  are  of  the  nature  of  fissures  or  crevices, 
more  or  less  nearly  vertical,  produced  in  rocks,  generally  metamoiphic,  and  often 
originating  either  in  simple  contraction  or  contraction  followed  by  upheaval.  They 
are,  of  couise,  newer  than  the  rocks  which  they  traverse,  and  they  cross  all  the  rocki 
in  their  way,  though  the  result  differs  much  in  different  cases,  according  to  the 
nature  and  mechanical  condition  of  the  rocks. 

Formed  in  this  way  they  are  found  to  obey  certain  laws.  They  have  usually 
what  are  called  eheek»  or  ic?a^^«— definite  partings,  often  somewhat  different  from  the 
containing  rock,  and  more  or  less  parallel  to  each  other.  They  exist  in  sets  of  several 
in  the  same  district,  approximately  parallel,  and  others  at  right  angles,  with  a  few 
that  are  intermediate ;  but  they  are  connected  by  branches,  strings,  or  threads,  which 
are,  in  fact,  smaller  veins  not  following  the  law  of  direction.  They  vary  exceedingly 
in  aU  dimensions,  length,  breadth,  and  depth ;  they  rarely  terminate  abruptly,  and  those 
of  one  set  are  sometimes  crossed  by  those  of  another  of  more  recent  date. 

These  veins  are  also  filled  with  mineral  substances,  most  or  all  of  which  have  been 
gradually  introduced  since  their  formation.  Many  of  them  have  been  deposited  firom 
water ;  others,  in  all  probability,  from  hot  vapour  and  steam.  In  others  again  (probably 
.a  small  number),  there  appears  to  have  been  injection  of  mineral  matter  in  a  melted 
state :  while,  in  all  probability,  the  whole  number  have  undergone  great  subsequent 
change,  and  may  have  been  entirely  filled  in  consequence  of  a  segregation  of  particles 
from  the  mass  of  the  containing  rocks,  and  from  the  contents  of  the  vein,  so  as  to  pro- 
duce these  complicated  crystallizations  and  varied  mineral  and  metallic  substances  often 
mot  with. 

In  addition  to  this,  and  as  further  illustrating  the  subject,  it  may  be  added  that 
productive  veins  are  found,  in  most  cases,  to  contain  a  larger  proportion  of  metalliferous 
substances  near  cross  courses,  dose  to  and  at  the  point  where  a  vein  enters  a  different 
rock  from  that  which  it  has  hitherto  traversed,  and  near  the  points  where  strings  and 
threads  (hence  called  leaders  and  ftederd)  come  in.  On  the  other  hand,  a  sudden  en- 
largement of  a  lode  is  often  a  sign  of  poverty.  The  divergence  of  a  lode  into  a  number 
of  amull  ones  is  also  unfavourable ;  and  a  great  mixture  of  minerals  is  not  generally 
likely  to  lead  to  an  abundant  supply  of  any  one. 

OoMftiiB.—- With  almost  all  lodes  in  certain  districts,  and  with  certain  classes  of 
veins  generally,  there  is  so  large  a  quantity  of  iron  present  that  the  decompositum  of 
this  metal  near  the  surface  produces  a  ferruginous  stain.    The  tops  of  many  lodes 
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(near  the  surface)  are  also  not  unfirequently  open,  cayemousy  and  formed  to  a  consi- 
derable extent  of  iron  oxide.  Thus  in  Cornwall,  and  many  parts  of  Germany  and 
France^  in  mineral  districts,  an  irony  appearance  of  a  vein,  where  seen  at  the  crop,  is 
regarded  as  fiiTOurable.  In  Cornwall  such  an  appearance  is  called  a  gossan,  and  a 
Cornish  miner  is  apt  to  beUeye  that  a  good  gossan  necessarily  leads  to  a  good  yein  in 
the  depth ;  and,  on  the  other  hand,  that  no  large  vein  is  worth  anything  without  this 
accompaniment.  The  chaptau  en  ftr  in  France,  and  the  Kaenhopf  of  the  German  miner, 
are  similarly  yalued ;  but  it  is  quite  a  mistake  to  assume  the  universality  of  this  law. 
In  some  rich  mining  districts  no  iron,  or  scarcely  any,  exists  in  the  earth,  and  therefore 
the  ferruginous  stain  is  altogether  wanting,  although  the  richest  and  most  valuable  ores 
of  copper,  tin,  and  lead,  may  be  underneath.  The  gossan  is  a  good  indication  where  a 
country  is  well  known,  and  experience  has  proved  that  it  ought  to  exist;  but  in  a  new 
district  other  appearances  must  decide  as  to  the  value  of  a  property.  In  Cornwall  it  is 
especially  common,  and  often  extends  to  as  much  as  thirty  &thom8  below  the  surface. 
In  itself  oonsiBting  of  iroa  oxide,  it  is  valueless,  but  it  has  been  found  in  many  cases 
to  contain  a  small  quantity  of  gold  (a  few  pennyweights  to  the  ton).  The  Poltimore 
mine  (North  Devon)  has  become  celebrated  within  the  last  two  or  three  years  as  con- 
taining more  than  usual  of  this  valuable  metal ;  but  on  operating  on  large  quantities  it 
has  not  appeared  to  be  sufficient  to  pay  the  expenses. 

Aqueoas  Thaovy  of  MIiimaI  Teini, — ^The  opinions  of  writers  and  practical 
men,  as  to  the  cause  of  mineral  veins  and  the  mode  of  their  filling  up  with  metalliferous 
ores,  were  extremely  vague  and  unsatisikctoiy  before  the  time  of  Werner.  That 
eminent  geologist,  trusting  to  the  local  knowledge  which  he  possessed,  and  neglecting, 
in  his  broad  and  able  generalizations,  the  doubtful  and  obscure  accounts  which  appeared 
to  contradict  his  own  researches,  was  led  to  propound  a  theory  of  veins  which  now  is 
quite  untenable,  although  it  was  sufficiently  important,  and  embraced  a  sufficient  variety 
of  fiusts,  to  be  well  worth  notice  at  the  time. 

Werner  asserted,  that  true  veins  were  of  necessity  rents  or  crevices  open  in  their 
upper  part,  and  filled  up  from  above ;  that  the  matter  they  contain  was  precipitated 
from  solution  or  suspense  in  water,  just  as  beds  or  strata  are  formed ;  that  they  are  of 
diffinrent  ages,  distinguishable  by  the  order  of  deposit  of  the  contents ;  that  they  are 
limited  in  range  and  position,  and  grouped  into  certain  districts.  These  assertions  aro 
no  doubt  true  for  certain  cases,  and  especially  for  some  of  those  which  the  great  Saxon 
geologist  had  himself  examined ;  but  it  is  equally  certain  that  they  are  altogether 
incorrect  with  regard  to  the  majority  of  cases.  Many  veins,  containing  carbonates  of 
lime,  iron,  copper,  &o.,  oxides  of  iron,  and  numerous  other  minerals,  may  doubtless 
have  been  enlarged  and  filled  by  the  agency  of*  water. 

Thaovy  off  gmMtmatlon. — ^In  oontradistinotiontothis  view,  another  theory  was 
propounded  some  years  ago  by  M .  Necker,  based  on  the  &ct  tha^  mineral  veins  idmost 
invariably  occur  in  mountain  districts,  and  are  more  or  less  immediately  connected 
with  disturbances  of  strata,  and  with  great  lines  of  dislocation,  or  else  axe  in  the 
immediate  vicinity  of  igneous  rocks.  Monsieur  Necker,  struck  by  these  facts,  which 
are  very  evident  in  a  huge  number  of  cases,  hss  investigated  the  subject  with  reference 
to  these  three  questions,*  viz.— first,  whether  there  is  any  unstratified  rock  near  each  of 
the  known  metalliferous  deposits  ?— secondly,  whether,  if  none  such  appear  at  the 
surface,  there  is  any  distinct  evidence  or  any  high  degree  of  probability  that  an  unstra- 
tified rock  exists  immediately  under  a  metaUiferous  district,  and  at  no  great  distance 
•  *«  ProecedJagi  of  OeoL  8oe.,"  toI  i.,  p.  SM. 
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from  the  iurfaoe  N— and,  thudly,  whather  there  are  found  any  rnqftalliferouB  depodts 
entirely  unconnected  with,  igneoiu  rocks  ? 

The  fizet  of  these  questiona  may  certainly  be  answered  in  liw  affinnatiTO,  by 
reference  to  a  yast  number  of  cases,  forming  the  great  majonty,  of  known  mineral  Feins 
in  all  ports  of  the  world.  The  great  mining  districts,  in  all  couitri438y  have  been  diown 
to  be  immediately  connected  with  unstratified  and  orystalline  rocks. 

In  answer  to  the  second  question,  M.  Neoker  refers  to  a  number  of  instanees  in 
Europe  where  mineral  veins  occur  nearly  and  evidently  assooiated  with  unstratified 
rocks,  though  not  actually  proceeding  from  or  passing  into  them. 

Such  is  the  case,  for  instance^  in  the  Isle  of  Elba,  where  anabundantsupply  of  iron 
ore  is  obtained  from  veins  in  sedimentary  rocks;  but  the  dose  vicinity  of  erupted  por- 
phyries and  other  igneous  rocks,  and  their  actual  appearance  at  the  smiace  not  £eur 
from  the  veins  themselves,  is  sufficient  proof  of  their  presence  in  considersMe  abimd- 


l^ith  regard  to  the  third  question,  the  answer  is,  although  not  abeolutely  in  the 
negative,  yet  sufficiently  so  to  add  great  strength  to  any  argument  that  might  be 
deduced  from  the  answers  to  the  former  que6tioii&. 

The  quicksilver  mines  of  Idria  in  Gannthia,  and  the  lead  veins  in  the  mountain 
limestone  of  Flintshire  and  the  south-west  of  England,  are  among  these  apparent 
exceptions;  but  the  former  occur  in  a  district  oeady  ceonected  with  the  great  Ova- 
tions of  the  chain  of  the  Alps  in  its  eontinuatioai  eastwards,  and  the  latter  are  not  far 
from  considerable  dislocations  and  disruptions  of  the  earbonifsrous  strata. 

Observing  how  oonmionly  it  happens  that  mineral  veins  make  their  oppeaonee  in 
distriotB  characterised  by  the  piesenoe  of  altered  or  metamorphio  rocks,  it  might 
naturally  be  assumed  that  they  weie  chiefly  oonfined  to  strata  of  ancient  date.  This 
i^pears,  however,  to  be  by  no  means  the  case,  and  metallic  ores  are  known  to  oooor  ia 
rocks  of  the  secondary  and  even  tertiary  periods.  And  although  the  genenlisations 
attempted  to  be  deduced  by  early  geologists,  as  to  the  ago  of  metals,  are  not  altogether 
borne  out  by  facts,  there  still  seems  to  be  a  certain  order  of  antiquity  in  their  airange- 
ment ;  for  tin  has  not  hitherto  been  met  with  in  any  rocks  of  modem  date  ;  nor  have 
the  precious  metaLi  been  obtained  except  from  the  older  veins. 

Apart  from  considerations  of  age,  there  are  other  ciroumstonoes,  dependent  apparently 
upon  local  influence  in  the  distribution  of  metals,  which  azo  also  worthy  of  netiee.  The 
slates,  for  instance,  of  Cornwall  and  Devonshire  are  of  nearly  the  same  geological  age 
as  those  of  North  Wales  and  Cumberland ;  but  the  metalliferoua  ores  found  in  them 
difier  exceedingly — tin  abounding  chiefly  in  the  southern  counties,  copper  being  the 
staple  in  the  central  and  some  ports  of  the  northern,  and  lead  in  other  yaita  of  the 
northern  district  It  is  true,  iodeed,  that  copper  and  even  lead  aie  fcund  with  tin  in 
Cornwall,  and  that  lead  is  associated  with  the  copper  of  North  Wales  and  ConistoD 
Water  Head ;  but  there  are  indications  of  preference,  if  we  may  so  say,  which  wdU> 
deserve  careful  investigation. 

It  is  a  fiict  of  considerable  interest,  that  the  limits  of  mining  districts  are  often  rery 
decided,  and  marked  by  peculiarities  in  the  physical  features  of  the  country.  In  the 
north  of  England,  the  neighbourhood  of  Cross  Fell  has  been  worked  with  the  greatest 
enterprise ;  but  no  instance  has  oocuizcd  (it  is  stated  by  Frofessoar  Fhillips)  of  a  single 
vein  being  traced  across  the  great  Penine  fault  to  the  west  Similar  fiieto  have  been 
observed  with  regard  to  the  Flintshire  veins,  which  occur  in  the  earboniferous  lime- 
stone, and  which  in  no  instance  enter  the  Silurian  rocks.    In  this  latter  case,  as  in 
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wtuf  othen,  th«  older  socks  ziae  on  the  line  of  a  great  axis  of  disturbance,  and  seem 
snlinly  to  out  off  the  whole  of  the  mining  ground. 

X.  Necker  eonaidcn  it  a  necessary  result  of  the  oonncction  he  has  Buccessfully 
cndeaTourcd  to  show  between  veins  and  igneous  rocks,  that  the  method  of  avblimMtion 
WIS  the  one  adopted  by  nature  in  almost  every  case  to  fill  up  tliose  cracks  and  fissures 
in  the  emst  of  the  earth  which  have  resulted  in  mineral  veins. 

Tg— a—  ThmoKjm-Thia  theory  of  sublimation  differs  considerably  from  that  of 
igneous  injection  proposed  by  Hutto%  and  both  of  them  are  diametrically  opposed  to 
the  theory  oX  aqueous  deposition  as  promulgated  by  AYcmer. 

The  Huttonian  hypothesis,  that  the  contents  of  veins  were  In  sll  cases  injected  from 
Wow  in  a  state  of  igneous  fusion,  is  scarcely  more  probable  or  better  founded  than  the 
mal  theoiy  of  the  Saxon  geologist. 

That  some,  indeed,  of  the  cracks  in  strata,  such  as  trap  dykes,  have  been  so  injected, 
vast  be  regarded  as  prohsble,  because  in  many  c^ses  wc  actually  see  the  effects  of  heat  on 
the  voeks  forming  the  walls  of  the  dyke ;  and  it  is  clear  that  quartz  and  many  other 
minerals,  and  probably  occasionally  metalliferous  ores,  may  have  been  forced  up  from 
below.  But  if  this  theory  were  resUy  true,  we  should  surely  sometimes  find  the  ores, 
M  we  do  the  basalt,  protruding  above  the  surface,  and  we  could  trace  the  direction  of 
Hm  euRcnts  in  which  the  matter  flowed,  and  discover  some  relation  between  the 
diiiinent  masses  of  ore  that  occur  in  the  veins. 

With  regard  to  the  theory  of  sublimation^  by  which  it  is  meant  that  the  minerals 
nd  BNtaUic  ores  have  been  volatilixed  by  heat  and  afterwards  assumed  their  place  by 
eewdnantioTi,  there  ean  be  no  doubt  of  its  being  occasionally  a  vera  causa  ;  but,  like  the 
other  theorieBy  it  £uls  in  umversal  l^)plication.  Both  this  and  the  Huttonian  theory  of 
iajeetioB  would  seem  to  require  that  veins  should  be  richer  in  metallic  produce  as  we 
iJewwid  to  ipreater  depths  in  a  mine ;  but  it  has  been  already  remarked,  that  experience 
is  opposed  to  the  existonoe  of  any  such  necessity. 

Blaelileal  ThAOsy.— An  attempt  has  been  made  to  account  for  the  phenomena  of 
■inflnl  veins  by  the  agency  of  electricity ;  and  the  advocates  of  this  hyx>othesi8  con- 
ndsTi  that  by  referring  to  electro-chemical  action,  many  of  the  most  characteristic  and 
remarkable  of  the  fkcts  that  have  been  observed  may  be  satisfactorily  explained.  The 
gnat  iiBpioveBeDta  and  discoveries  that  have  of  late  years  been  effected  in  this  branch 
of  seisiioa,  and  the  certainty  that  electricity  is  a  moat  powerful  force,  acting  incessantly, 
sad  aieoting  even  the  minuxe  struotuxe  of  inorganic  bodies,  corresponding  almost  with 
the  vital  principle  in  its  power  of  removing,  re-arranging,  and  selecting  the  particles  of 
dead  matter,  render  every  suggestion,  with  reference  to  this  force,  worthy  of  the  most 
cmiiil  alAention. 

The  experimenter  to  whom  seienoe  is  chiefly  indebted  for  the  original  researches  on 
which  the  eleotrical  theory  of  mineral  veins  is  founded,  is  Mr.  Bobert  Were  Fox,  who 
greatly  distinguished  himself  by  a  vast  nnmber  of  investigations  on  the  mutual 
idatioBS  of  eleotrioity  and  magnetism,  and  their  mode  of  action  in  re-ananging  the 
jartiales  which  compose  the  crust  of  the  globe. 

Assuming  the  existence  of  fissures  produced  in  the  solid  substance  of  the  earth's 
CEUit  at  various  times,  and  taking  it  fi>r  granted  also  that  they  penetrate  to  great  depths, 
in  exposed  to  a  higli  temperature,  and  must  have  been  filled  up  progressively,  Mr.  Fox 
has  diown  the  probability  there  is  of  heated  water  having  been  circulated  in  them  by 
aaefnt  and  dtwccnt,  and  the  certainty  that  quartz  and  earthy  substances  might  be 
deposited  fron  water  in  that  state.    He  then  proceeds  to  explain,  that  in  such  fissures, 
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filled  with  metallic  and  earthy  aolutioiu,  the  different  sorts  of  matter  on  the  sides 
necessarily  produce  electrical  action,  which  might  be  rendered  more  actiye  by  tiie 
imeqnal  temperature  of  the  water  and  the  walls  of  the  fissure.  Currents  of  electricity 
thus  generated  would  pass  more  easily  in  the  fissures  than  through  the  rocks,  and  they 
would  pass  in  directions  conformable  to  the  general  magnetic  currents  of  the  distzicb 
and  therefore  east  and  west,  or  somewhat  to  the  north  or  south  of  these  points,  acoosdiDg 
to  the  position  of  the  magnetic  poles  at  the  period  when  the  process  was  going  on. 

Electrical  currents  thus  circumstanced  would  deposit  the  bases  of  the  deoompofled 
earthy  and  metallic  salts  on  different  parts  of  the  rocky  boimdary  of  the  rein,  aooording 
to  the  momentary  electrical  state  and  intensity  of  the  different  points ;  and  the  natme 
and  position  of  the  rocks  would  be  influential  in  determining  these  conditions.  'When 
by  such  processes  particular  arrangements  had  happened,  new  actions  might  arise,  and 
amongst  them  a  series  of  secondary  phenomena,  such  as  the  transformation  of  ores 
without  change  of  form — a  fact  otherwise  reiy  difficult  to  comprehend.  Lateral  rents 
might  also  bo  filled  by  virtue  of  these  new  actions,  even  though  they  were  not  in  the 
most  favourable  lines  of  electrical  circulation. 

In  confirmation  of  his  views,  Mr.  Fox  has  actually  succeeded,  by  direct  experiment, 
in  forming  well-defined  metalliferous  veins  by  means  of  voltaic  currents  operating 
under  circumstances  resembling  those  supposed  to  have  occurred,  and  which  sometimeB 
do  occur  in  Ck>mwall. 

Absence  of  any  Unlwenal  Method.— Before  bringing  this  subject  to  a  con- 
elusion,  it  may  be  observed,  as  some,  and  perhaps  a  sufficient,  excuse  for  the  uncertainty 
of  our  knowledge  concerning  it,  that  it  is  the  most  difficult  of  all  departments  of 
geology ;  for  it  requires  the  closest  investigation,  combined  with  the  broadest  general 
views,  while  the  means  of  pursuing  such  investigations  are  scanty  and  unsatisfiBctoiy, 
and  the  examination  of  mineral  veins  in  the  mines  themselves  is  rarely  productive  of 
any  useful  result.  It  cannot,  therefore,  be  a  matter  of  suiprise  that  different,  and  eveo 
opposite,  views  have  been  advocated  by  those  who  have  only  partially  observed  Katore ; 
and  perhaps  it  is  the  safest  plan,  as  it  certainly  seems  the  only  way  by  which  we  can 
reconcile  conflicting  opinions,  to  take  a  middle  course,  and  admit  the  validity  of  each 
cause  that  has  been  assigned. 

Nor  is  such  a  mode  of  escaping  from  the  difficulties  of  the  case  unreasonable  or 
inconsistent  with  what  we  know  of  the  ordinary  course  of  Nature,  in  which  all  means 
are  used,  and  every  variety  of  cause  employed,  to  bring  to  perfection  one  great  result 
In  examining  the  contents  of  veins,  one  cannot  but  be  struck,  not  only  by  the  appear^ 
ance  of  a  complication  of  causes,  but  by  the  evidence  of  their  succession,  rendering  it 
probable  not  only  that  different  agents  have  been  employed,  but  that  they  have  dons 
their  work  separately  as  well  as  conjointly;  that  they  have  operated  at  different 
periods ;  and  that  one  has  produced  effects  for  which  another  was  inadequate. 

BiacoTesy  of  BUneial  Telna.— Reverting  to  the  main  facts  connected  with 
these  phenomena,  the  student  will  remember  that  metalliferous  veins,  or  lodes,  aie 
limited  in  geographical  and  geological  distribution ;  that  they  exist  in  sets,  having 
different  compass-bearings ;  that  they  generally  intersect  the  surfiEU^ ;  and  that  they  often 
cross  or  run  into  each  other.  They  are  found  either  accidentally  or  by  actual  search; 
in  the  former  case  being  exposed  in  river-beds,  or  sea-cliffi^  in  road-cuttings,  and 
by  ordinary  agricultural  occupations.  They  are  sought  for  by  observing  natnral  indi- 
cations in  a  known  district,  by  tracing  the  gravel  of  a  stream  by  a  process  called  thodj^; 
by  opening  the  surface  by  what  are  called  coiteaninffty  or  costeaning  pits ;  and,  lastly,  by 
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M«n«g  thftlts,  or  driirmg  adits  into  a  hill-side  to  cut  the  lode,  and  if  worth  while  re- 
moving  the  ore.  We  do  not  include  among  methods  those  peculiar  powers  assumed 
hy  some  persons,  eyen  at  the  present  day,  who  believe  in  the  diyining-rod,  and  fancy 
tbey  see  a  lambent  flame  floating  oyer  produotiye  lodes;  although  it  would  not  be  right 
to  omit  all  notice  of  so  peculiar  a  superstition  which  still  preyails  in  some  districts  of 
ComwalL* 

Of  the  natural  indications  of  copper  lodes,  the  water  of  the  neighbourhood  is  one  by 
no  means  unimportant.  The  harsh  taste  of  the  water  is,  of  itself,  a  guide ;  but  a  better 
expedient  is  to  inmierse  a  piece  of  bright  iron  in  it  for  two  or  three  days,  when  the 
colour  will  decide,  as  the  copper  (if  any  exists)  will  be  deposited  on  the  iron,  commu- 
nicating a  decided  cupreous  tint. 

Goslauiiiis  is  a  method  commonly  adopted  to  discoyer  the  preeenee  of  a  produo- 
tiye mineral  vein.  The  word  literally  means  *'  £Edlen  tin,"  and  the  process  consists  of 
sinking  small  pits  through  the  surface  deposits  to  the  solid  rock,  and  driying  from  one 
to  another  across  the  direction  of  the  yein,  so  as  necessarily  to  cross  all  the  yeins  be- 
tween two  such  pits.  Where  the  preyalent  strike  of  the  principal  systems  of  right- 
ronning  yeins  is  clearly  made  out  in  a  district,  costeaning  is  likely  to  be  found  a  yery 
effectoal  process,  and  may  safely  be  adopted  for  any  metal.  The  pits  are  often  sunk 
aevesnl  feet  into  the  rock  before  the  communications  are  made  between  them. 

The  method  of  costeaning,  already  referred  to,  is  sometimes  modified  by  working 
drifts  for  discoyeiy  across  the  direction  of  the  right-running  yeins  of  a  district.  Where 
the  rock  is  not  yery  hard,  and  is  not  coyered  up  at  the  surface  by  detritus,  or  a  thick 
coating  of  yegetable  soil,  open  cuttings  may  be  made  in  this  way  at  a  yery  small  cost ; 
which  will  lay  bare  the  lodes  for  a  long  distance.  If,  in  consequence  of  the  form  of  the 
ground,  this  can  be  done  at  a  depth  of  twenty,  thirty,  or  forty  fathoms,  without  getting 
below  the  water  leyel,  and  where  driving  is  not  expensiye,  either  from  the  nature  of 
the  ground  or  the  timber  required  to  support  it,  the  lodes  will  be  much  more  effectually 
laid  bare.  Cross  courses  are  not  unf^uently  mad^use  of  in  this  way ;  but  it  must  be 
borne  in  mind  that  the  condition  of  the  lode  where  crossed  is  often,  in  such  case,  very 
diJBESBrent  from  that  elsewhere  shown. 

ghodiiig  is  another  ancient,  but  useful,  mode  of  determining  the  position  of  a  lode. 
like  ooeteening,  it  was  originally  adopted  in  Cornwall  for  tin  stones,  but  has  since  been 
introduced  as  part  of  a  general  system  of  disooyery  in  other  cases.    The  principle  in- 

•  It  is  siogalar  that  the  dirinlng-rod  ahoold  hare  so  far  entered  into  the  list  of  methods  for  dim- 
oovering  ore  In  Oomwall  as  to  ooeapj  in  its  deeeription  seTeral  folio  pages  in  the  otherwise  sensible 
and  Uflcflil  treatise  bj  Mr.  W.  Pryce,  veil  known  to  all  persons  interested  in  the  literature  of  mines. 
Tbis  book  bean  date  1778;  and  in  oondndinff  his  aeooont  of  the  <  *  Virgnla  Diyinatoria,"  as  it  is  there 
designated,  the  author  gives  a  number  of  illustrations  of  its  successful  use  in  Cornwall.  He  then  says, 
**  Hence  it  is  rery  obvious  how  uscAil  the  rod  may  be  for  the  discovery  of  lodes  in  the  hands  of  an 
adept  in  that  science ;  but  it  is  remarkable  that,  olthough  it  inclines  to  all  metals,  in  xhe  bands  of 
uaikilfyil  persons,  and  to  some  more  quick  and  lively  than  to  others,  yet  it  has  been  found  to  dip 
eqieally  to  a  poor  lode  and  to  a  rich  one.  I  know  that  a  grain  of  metal  attracts  the  virgula  as  strongly 
as  a  pound ;  nor  is  this  any  disadvantage  in  its  use  in  mining;  for  if  it  discovered  only  rich  mines, 
or  the  richer  parts  of  a  mine,  the  great  prises  in  the  mining  lottery  would  be  soon  drawn,  and  fVitnro 
adventurers  would  be  discouraged  from  trying  their  fortime."  It  is  singular  to  And  such  opinions 
prevail ;  but  the  history  of  the  period  abounds  with  similar  instances,  and  the  divining.rod  is  only 
oae  of  a  large  class  of  deoeptions  where  success  would  seem  to  depend  only  on  unblushing  impudence, 
or  the  grossest  self-delusion  on  one  hand,  and  the  most  wilftil  blindness  on  the  other.  That  honest, 
tmstwortby,  and  even  intelligent  people  have  given  way  to  the  delusion  is,  however,  beyond 
question. 

INOROANIC  NATURE.— No.  IX.  T 
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Tolvod  is,  that  when  a  part  of  a  lode  consisting  of  fragments  of  heavy  ore  mixed  with 
the  oomparatiyely  light  spars,  and  stones  aooompanying  it,  is  broken  off  from  the  top  ol 
the  lode  during  a  general  denudation  of  the  sorfaoe,  the  lighter  particles  will  be  carried 
farthest,  and  the  heavier  left  behind ;  so  that,  in  fact,  there  will  be  a  natvral  groaping  in 
the  order  of  the  specific  gravitj  of  the  stones.  Thus  the  largest  quantity  of  ore,  and 
the  largest  fragments,  will  be  left  nearest  the  yein,  and  the  others  will  bo  conveyed  along 
the  river  course,  gradually  diminishing  in  amount.  It  will  also  happen  that  the  ore, 
being  derived  from  a  small  breadth  of  vein,  is  comprised  wilhin  narrow  limits  at  the  top 
of  a  hill,  but  may  cover  a  large  space,  and  be  distributed  by  several  Btreams  in  the  plains 
below.  It  has  already  been  remarked  that  tin  shodes  are  the  most  common,  owing  to 
the  high  specific  gravity  of  the  ore.  Shodes  of  mundic  (iron  pyrites),  copper  pyrites, 
and  lead  ore,  are  also  found,  bat  less  abundantly.  Quicksilver  shodes,  and  thoee  of 
wolfram  (a  valueless  mineral,  resembling  tin  stone),  are  often  met  with.  Silver  and 
gold  shodes  are  known ;  but  the  metal  in  the  latter  case  is  more  usually  obtained  fixHU 
the  shode  than  the  vein;  and  in  the  former  is  not  so  effectual,  owing  to  the  lightness 
of  many  sUver  ores.  The  following  account  of  the  method,  taken  from  Ptyce  (already 
quoted)  will  give  the  best  idea  of  the  process  still  adopted : — 

''  When  the  miners  find  a  good  stone  of  ore,  or  shode,  in  the  side  or  bottom  of  a  hill, 
they  first  of  all  observe  the  situation  of  the  neighbouring  ground,  and  consider  wbenee 
the  deluge  could  most  probably  roll  that  stone  down  from  the  hiU ;  and,  at  the  same 
time,  they  form  a  supposition  on  what  point  of  the  compass  the  lode  takes  its  course : 
for  if  the  shode  be  tin  or  copper  ore,  or  promising  for  either,  they  condude  that  tilie  lode 
runs  nearly  east  and  west ;  but  if  it  is  a  shode  of  lead  ore,  they  have  equal  reason  to 
conclude  that  the  vein  goes  north  and  south.  After  finding  the  first  stone,  or  shode, 
they  sink  little  pits  as  low  as  the  first  rubble,  which  is  the  rubble  or  clay  never  moved 
since  the  flood,  to  find  more  such  stones ;  and  if  they  meet  with  them,  they  go  further 
up  the  hiU  in  the  same  line,  or  a  little  obliquely  peihi^M^  and  sink  more  pits  still,  while 
they  find  shode  stones  in  them ;  bix^they  seldom  sink  those  pits  deeper  than  the  rubble 
upon  the  shelf,  exoept  they  are  near  the  lode.  If  the  shode  is  found  in  vegetable  soil, 
the  lode  is  not  at  hand;  but  if  it  lies  deep,  massy,  and  angular,  it  is  a  certain  sign  that  the 
lode  is  not  hi  off;  more  especially  if  the  shodes  are  of  a  pyramidal  or  conical  form,  and 
the  base  or  heaviest  part  of  them  lies  pointing  oneway,  it  is  both  a  sign  diat  the  lode  ia 
not  far  off,  and  that  it  is  to  be  found  opposite  to  the  base,  or  heaviest  part  of  the  stonea* 

<<  As  they  advance  thus  nearer  the  lode  with  their  pits,  they  find  their  shode  more 
plentiful  and  deeper  in  the  ground ;  but  if  they  chance  to  go  further  frt>m  the  lode,  or 
pass  the  yonder  side  of  it,  there  is  a  greater  scarcity  of  the  shode,  or,  perhaps,  none  aft 
aU :  in  which  case  they  return  to  their  last  pit  which  prodnoed  shode  moat  plentifully, 
and  work  the  intermediate  ground  with  more  care  and  circumspection,  by  drifts  teem. 
one  pit  to  the  next,  until  they  cut  the  lode.  Sometimes  they  find  two  different  shodes  in 
the  same  pit  at  different  depths ;  then  they  are  sure  that  there  is  another  lode  further 
over ;  and,  in  training  up  to  the  second,  they  may  meet  with  the  shode  of  a  third.  How- 
ever, when  they  are  just  come  to  the  vein  they  set  out  for,  they  fhid  an  uneommon 
quantity  of  shodo  stones  answering  to  the  description  before  given,  and  then  they  say 
that  they  have  the  bryie  of  the  lode ;  upon  which  tiiey  dig  down  into  the  solid  hard 
rock,  which  has  never  moved  or  loosened,  until  they  open  the  lode,  and  find  ito  breadth 
by  the  walls  in  which  it  is  enclosed."* 

Many  lodes,  however,  yield  no  abode ;  the  upper  part  of  the  lode  either  containing 
•  See  Mineralogla  Cornubiensis,  p.  127, 
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no  on,  ot  tlie  detritus  having  been  earned  too  far,  and  being  ground  into  too  email  a 
ftito  of  diTitton  to  be  recognisable.  In  these  oaaee  thero  is  little  to  guide  the  miner 
beywid  the  nature  of  the  gossan,  or  other  appearances  at  the  back  of  the  lode,  both  of 
vhich  are  liable  to  deception.  After  all,  it  must  happen  in  sueh  cases  that  the 
ditO0rerf,  if  made,  will  be  due  to  accident  rather  than  to  die  intelligence  of  the 


;  OpOTattftim. — Having  explained  these  preliminary  processes,  we  may 
proceed  mov  to  the  actual  operations  of  mining :  and  since,  in  England,  the  county  of 
Cornwall,  and  that  part  of  Devonshire  immediately  adjacent,  are  the  districts  in  which 
miaiag  opefatione  are  conducted  on  the  largest  scide,  and  with  reference  to  the  greatest 
vaaety  of  mechanical  appliances,  we  may  conveniently  take  them  as  the  type  of  copper 
and  tin  mining.  Lead  mining  and  dressing,  when  on  the  largest  scale,  are  conducted 
gomewhat  dxffsrentiy,  and  in  other  districts.    They  need  but  little  separate  description. 

The  object  here  being  chiefly  to  illustrate  the  condition  of  mining  in  a  practical 
way,  it  will  be  best  to  do  so  in  referenoe  to  the  miner's  duties,  and  the  different  cir- 
emnstaaoes  which  more  or  less  afibct  his  lot  and  fortunes.  We  may  premise  that  the 
tern  "  miner"  exclusively  applies  to  those  aotoally  working  in  the  mines—the  capi- 
talists, or  those  employing  the  miner,  being  known  as  the  adventurers.  Each  mine  is 
owned  by  a  company  of  adventurers— the  capital  being  divided  into  shares,  whidi  are 
maiketable  and  transferable,  like  those  of  a  railway  company,  and  in  Cornwall  being 
subject  to  special  laws,  and  a  method  of  limited  partnership  called  the  cost-book  system. 

&oiiA'b  9«mi^— To  explain  the  process  of  mining,  it  is  advisable  to  begin  with  the 
beginning ;  in  other  words,  to  follow  a  aune  from  its  first  establishment,  until  it  is  in 
complete  and  active  operation.  When  there  is  reason  to  believe  that  a  lode  worth 
tzying  exists  in  a  place  not  hitherto  worked,  a  set  of  adventurers  ibrm  themselves  into 
a  company  for  the  purpose  of  working  it.  In  doing  so,  their  first  business  is  to  apply 
to  the  lord  of  the  soil  for  a  license  to  work  the  lode  for  a  givoi  time— sometimes  for  six 
months,  but  generally  a  year — ^upon  trial ;  the  lord  to  receive  a  specified  proportion ; 
usually  from  one-tenth  to  one-fifteenth  of  the  ore  wbidi  may  be  raised  during  the  period 
of  the  license.  The  lord  also  comes  under  an  obligation,  should  the  adventurers,  at  the  ex- 
piration of  the  license,  be  disposed  to  continue  the  working  of  the  mine,  to  lease  it  to  them 
ibr  a  certain  number  of  years,  generally  upon  the  same  terms  as  those  of  the  license,  so 
far  as  his  ahore  of  the  proceeds  is  concerned.  Should  the  project  prove  a  failure,  it  may 
be  abandoned  at  any  time  before  the  expiration  of  the  license.  This  mode  of  paying  the 
lord  his  does  is  objected  to  by  many,  on  the  ground  that  it  frequently  operates  harshly 
upon  tha  advesitaretB.  They  urge,  that  however  much  the  mine  may  be  losing,  the 
lordifl  «twi^  man  of  a  profit  Thus,  if  £15,000  worth  of  ore  is  raised  and  disposed 
fdf  it  may  cost  (he  adventurers  £15,000  to  raise  it.  If,  in  that  case,  they  paid  the 
loid  his  fifteenth,  the  company  would  lose  £1,000  inst«id  of  making  a  profit.  But 
this  would. be  equally  the  case  were,  the  lord,  instead  of  his  share  of  the  pro- 
ceeds of  the  mine,  to  receive  a  fixed  money  rent  from  the  adventurers.  Thus, 
if  the  fixed  rent  was  £2,000,  and  the  produce  worth  £15,000,  as  in  the  case  supposed, 
the  hm  to  the  adventurers  would  be  £2,000,  instead  of  £1,000.  It  is  quite  true,  that  by 
the  prosent  arrangement,  the  lord  is  always  sure  of  a  profit,  because  he  runs  no  risk; 
but  that  profit,  like  the  profit  of  the  adventurers,  fluctuates  with  the  price  of  copper,  and 
when  liie  price  is  low,  the  present  system  of  rent-payiug  bears  upon  them  moreli^tly 
than  any  other  arrangement  would  do. 

The  eoune  here  mentioned  is  that  whidi  is  paraned  when  it  is  in  oontemplation 
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to  open  up  an  entirely  new  mine.  But  it  frequently  happens  that  a  new  mine  is 
opened  within  boimds  already  set  out  to  a  company  of  adventurers,  and  within 
which  they  are  already  working  a  mine.  In  such  case  no  new  license  is,  of  course, 
required.  When  a  new  mine  is  thus  opened,  the  way  is  generally  led  by  a  party 
of  miners,  who  undertake  to  try  on  the  "  tribute  system,"  which  will  be  imme- 
diately explained,  either  what  they  beUeye  to  be  a  fresh  lode,  or  a  portion  of  the 
lode  already  worked,  but  which  the  existing  operations  are  not  likely  to  reach.  In 
the  latter  cose,  the  result,  if  the  experiment  prore  successful,  is  generally  the  sinking  of 
some  new  shafts,  which  are  soon  connected  with  the  existing  works,  whereby  the  scope 
of  the  existing  mine  is  only  cnlaiged.  But  whether  an  entirely  new  mine  is  to  be 
opened,  or  the  range  of  an  existing  mine  is  only  to  be  enlarged,  the  operations  commence 
by  the  sinking  of  shafts,  and  the  construction  of  levels ;  these  must  be  done  ere  the  mine 
is  in  workable  condition ;  and  this  brings  us  at  once  in  contact  with  the  actual  wtn^  of 
the  miner. 

The  miners  are  divided  into  two  great  classes — ^the  surface  and  the  undergroand 
men.  The  latter  are  by  far  the  most  numerous,  being  fully  three  to  one,  as  compared 
with  the  former.  The  underground  men  are  again  divided  into  two  separate  daases, 
known,  in  mining  phraseology,  as  the  '*  tutmcn,"  and  "  tributers." 

Tnt-ivorlLi — The  tutmcn  are  those  who  do  '*tut"  work,  which  is  neither  more 
nor  less  than  simple  excavation.  In  commencing  a  mine,  therefore,  the  tutmen  are 
the  first  called  into  requisition.  They  sink  the  shaft  and  run  the  levels— all  the  ore 
which  may  chance  to  be  raised  during  the  process  belonging  exclusively  to  the  adven- 
turers, always  with  the  exception  of  the  lord's  dues.  The  work  is  given  out  by  the 
fathom ;  it  is  regularly  bid  for,  and  the  parties  offering  to  do  it  for  the  lowest  price 
secure  tiie  work.  It  generally  happens,  however,  that  one  of  the  captains  of  the  mine 
ascertains  beforehand,  as  far  as  can  be.  the  nature  of  the  work,  and  sets  his  own  price 
upon  it— the  price  at  which  it  is  taken  seldom  varying  much  from  the  captain's  price. 
Both  tut  and  tribute  work  are  usually  taken  by  what  is  called  a  "  party;"  the  party, 
in  both  cases,  consisting  of  several  individuals,  their  number  varying  according  to  cir- 
cumstances. The  party  is  divided  into  gangs,  which  relieve  each  other  in  rotation. 
There  are  three  gangs  to  a  tut  party,  eadi  gang  working  eight  hours  at  a  time— the 
whole  twenty-four  hours  being  thus  turned  to  account.  The  gangs  employed  in  tut 
woric  are  strictiy  required  to  relieve  each  other  at  the  proper  time.  As  -their  work  is 
chiefly  preliminary  to  the  real  business  of  mining,  it  is,  of  course,  the  object  of  those 
who  employ  them  to  have  it  done  as  speedily  as  possible.  Nor  are  the  interests  of  the 
tutmen  themselves  interfered  with  by  this— for,  as  their  work  is  piece-work,  the  sooner 
they  get  through  it  the  better.  A  greater  degree  of  discretion  is  generally  given  to  the 
tributers,  as  to  how  long  they  may  work,  and  when  they  may  relieve  each  other— it 
being  supposed  that  they  have  sufficient  inducement  to  dUigenoe  in  the  share  which 
they  have  in  the  proceeds  of  their  own  operations.  At  the  poorer  mines,  tutwork  ia 
generally  confined  to  ground  which  is  not  metallic— tribute  work  having  reference 
invaiiaUy  to  metallic  ground.  At  times,  however,  tutwork  embraces  ground  which  is 
metallic,  but  this  is  always  in  the  richer  mines.  When  the  ore  is  known  to  be  good, 
it  is  raised  at  so  much  per  fathom,  in  which  case  it  all  belongs  to  the  adventurers.  It 
is  generally  work  of  a  more  speculative  kind  that  is  set  on  the  tribute  system ;  and  it 
is  because  in  the  poorer  mines  all  the  work  is  of  this  kind,  that  the  whole  of  the 
ore  is  raised  on  that  system.  But  even  when  it  is  raised  on  the  other  system— that 
U  to  say,  by  tutwork— it  ia  not  unusual  to  give  the  men  employed  a  iinaU  interest 
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in  €be  ore  produced.  This  la  dono  in  oider  to  make  it  their  interest  not  to  waste  or 
qraQtlie  ore. 

The  work  of  the  tatman  ia,  aa  already  said,  that  of  simple  excavation,  at  so  much 
per  fathom.  He  hidi  for  it  with  a  real  or  presumed  knowledge  of  the  nature  of  the 
ground  to  he  worked— the  same  knowledge  heing  possessed,  or  presumed  to  he  pos- 
sessed, hy  the  captain  amigning  him  the  work.  Miscalculations  in  this  respect  are  not 
unft^iuently  made,  which  are,  in  their  results,  sometimes  in  favour  of^  and  at  others 
against,  the  tntman.  Although  their  work  has  not  so  much  the  character  of  a  gambling 
transaction  about  it  as  has  that  of  the  trihuters,  still  it  is  not  entirely  free  from  that 
objectian.  He  may  bid  for  work,  and  it  may  be  assigned  to  him,  on  the  supposition 
that  the  ground  is  hard  and  difficult  to  be  operated  upon— or  the  same  may  be  done  on 
the  contrary  supposition.  In  the  one  case  it  may  be  found,  after  a  little  trial,  much 
easier,  and  in  the  other  much  more  difficult,  to  work  than  was  anticipated.  Hence,  by 
the  chance  of  his  work,  he  may  be  a  gainer  to  some  extent,  or  a  severe  suffisrer.  Thus, 
after  taking  work  which  appears  easy,  at  a  comparatively  low  price  per  fathom,  he 
may,  after  penetrating  for  some  distance  through  disintegrated  granite,  which  is  easily 
removed,  or  soft  clay,  come  to  a  hard  mass  of  granite,  which  opposes  a  serious  obstacle 
to  his  progress.  This  the  tutman  calls  a  "  pebble,"  and  it  is  a  serious  question  with 
the  party  on  discovering  it,  whether  they  will  change  their  course  to  avoid  it,  if  pos- 
sible, or  dash  right  through  it,  in  the  hope  that  it  does  not  extend  to  any  great  depth. 
There  is  risk  in  either  case,  as  the  time  lost,  and  the  expense  incurred,  in  attempting  to 
torn  or  avoid  it,  may  be  much  greater  than  was  anticipated.  Nor  is  it  always  that  it 
can  be  avoided  at  any  cost.  Then,  again,  if  they  attempt  to  go  through  it,  their  hopes 
may  be  disappointed^  as  its  depth  may  be  very  great.  Sometimes,  after  going  through 
it  for  some  distance,  they  give  it  up  in  despair,  and  attempt  to  turn  it,  which  they 
find,  to  their  mortification,  after  having  lost  so  much  labour,  that  they  can  rarely  do. 
When  the  work  goes  thus  against  the  tutman,  he  very  soon  complains,  and  if  his  com- 
plaint is  well  grounded,  a  favourable  modification  is  generally  effected  in  the  arrange- 
ment between  him  and  his  employers. 

The  undertaking  of  the  tutman  is  to  bring  to  the  surface  so  much  matter,  whether 
ore  or  "stn£^"  or  both  together,  at  so  much  per  fathom.  To  fulfil  it,  he  requires  the 
use  of  machinery  to  raise  the  matter  excavated  to  the  surfisce.  That  which  he  thus 
employs  is,  of  course,  the  machinery  on  the  spot,  adapted  for  the  purpose  and  apper- 
taining to  the  mine.  For  this  he  is  usually  charged  at  a  certain  rate  per  f&tiiom, 
which  is  so  much  to  be  deducted  from  his  earnings.  There  are  other  deductions  also 
to  be  made;  but  as  these  are  conmion  to  both  trihuters  and  tutmen,  their  explanation 
will  be  deferred  for  the  present  The  first  work  with  which  the  tutman  grapples  is,  of 
course,  the  sinking  of  the  shaft.  The  object  is,  if  possible,  to  have  the  shaft  perpendicular. 
Such  a  shaft  is  not  only  the  most  convenient,  but  it  is  also  attended  with  the  least  expense 
in  the  future  working  of  the  mine.  But  much,  in  this  respect,  depends  upon  what  is 
called  the  **  underlie  "  of  the  lode.  It  is  very  seldom  that  the  lode  is  perpendicular ; 
its  inclination  being,  as  it  proceeds  downwards,  generally  to  the  north.  If  the  underlie 
is  not  great,  the  shaft  may,  to  a  considerable  distance,  follow  the  lode.  If  it  is  great, 
the  shaft  descends,  not  in  one  continuous  line,  but,  as  it  were,  by  a  succession  of  steps. 
It  will  be  sunk  perpendicularly  by  several  fathoms  at  a  time,  the  lode  all  the  time 
diverging  from  it  to  the  northward.  At  certain  distances  halts  are  made,  and  hori- 
zontal courses  run  in  the  direction  of  the  lode  until  it  is  again  struck.  Each  time  the 
lode  is  struck  the  shaft  is  sunk  again,  the  lode  to  bo  reached  again  by  a  horizontal 
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ooune  as  beftne.  Aa  the  ahaft  is  being  susk,  the  levels  are  being  oenrtnicted.  It  k 
necessary  that  the  reader  should  comprehend  what  these  are,  as  on  his  doing  oo  will 
greatly  depend  hia  oomprehension  of  the  operationB  which  fbUow.  To  enable  him  the 
more  readily  to  understand  the  internal  arrangements  of  the  mine,  let  iia  8Uppaa»  both 
the  lode  and  the  shaft  to  be  perpendicular. 

IMito  and  WiiiBes.—- The  lode,  be  it  renflmbeied,  is  neither  more  nor  lass  than 
a  ererice  or  fissure  in  the  granite,  or  in  the  alate,  or  at  the  junction  of  the  twoy  TanyXBg 
in  width,  and  generally  naming  from  east  to  west  This  ererice  is  usually  filled  with 
disintegrated  granite,  day,  or  other  soft  matter,  interspersed  with  which  is  the  SMtaL 
Were  the  lode  perpendicular,  the  ahaft,  in  following  it  downwards,  would  be  perpen- 
dicular also.  The  ahaft  is  usually  in  the  form  of  a  parallelogram,  about  ftye  or  sis  ftet 
wide,  aad  about  double  that  in  length.  The  sides  are  almost  iavaiiably  secQfed  with 
woodwork,  so  as  to  prerent  them  falling  in.  Down  the  middle,  and  ditiding  the 
paraQdognun,  as  it  were,  into  two  squacres,  nms  a  strong  wooden  partition,  whidi,  ift 
reality,  makes  two  shafts  of  it.  One  is  lor  the  raising  of  the  ore  and  rubbish;  the 
other  is  that  by  which  the  nunen  luiTe  access  to  and  egress  from  the  mine.  The  levels 
are  paralld  courses  which  diyerge  on  either  side  from  the  shaft,  and  follow  horizontally 
the  course  of  the  lode.  These  courses  are  at  different  distances  from  each  other ;  but, 
generally  speaking,  they  are  not  more  than  ten  fathoms  apart.  Thus^  after  the  shaft 
is  sunk  ft  certain  dirtance,  the  first  level  will  be  run-in  other  words,  &  horizontal 
passage  will  be  cut  from  either  side  of  the  shaft,  following  the  direction  of  the  lode. 
The  height  of  this  passage  is  usually  from  five  to  six  lieet.  It  is  also  commonly  thsee 
feet  wide,  so  as  to  giTS  room  for  the  operations  to  be  conducted  within  it.  This  is  its 
width,  however  narrow  the  lode  may  be ;  nor  is  it  frequently  made  any  wider,  unleas 
the  lode  is  sufficiently  rich  to  warrant  its  being  made  so.  There  is  no  limit  to  the 
length  of  the  passage  or  tunnel,  but  suehosmay  beset  to  it  by  the  superficial  bounds  of 
the  mine.  The  shaft  is  then  sunk,  say  for  ten  fathoms  more,  when  omilar  leveb  are 
constructed,  directly  under  those  alluded  to.  This  operation  may  be  repeated  so  long 
as  the  mine  continues  sufficiently  wealthy  to  indtice  the  adventurers  to  keep  sinking 
the  shaft  and  eonstmcting  new  levels.  Some  mines  have  attained  a  depth  of  three 
hundred  fathoms,  so  that  they  have  about  thirty  dififerent  sets  of  levels,  all  ranging  one 
beneath  the  other.  When  a  new  level  is  wanted,  the  shaft  is  first  sunk  to  the  peeper 
depth,  when  the  levd  is  opened  up.  The  rationdU  of  a  mine,  under  these  dreum^ 
stances^  would  be  neither  more  nor  less  than  a  perpendicular  hole  sunk  in  the  lode, 
with  a  series  of  horisontal  holes  projecting  into  it,  at  regular  distances  from  each 
other,  from  either  side  of,  or  at  rig^  angles  to,  the  perpendicular  one.  It  is  obvious 
that,  when  the  lode  is  not  perpendicular,  which  is  usually  the  case,  and  the  ahaft^ 
instead  of  being  continuous,  descends,  as  it  were,  by  steps,  the  levels,  instead  of  being 
directly  mder  each  other,  will  be  below,  but  a  little  to  the  side  of  each  other— the 
distance  to  which  they  will  be  to  the  side  of  each  other  depending  upon  the  inclination, 
or  underlie  of  the  lode.  Thus,  if  the  lode  underlies  to  the  xwrthward,  each  sneeessive 
level  will  be  more  to  the  northward  than  those  above  it,  and  less  so  thsn  those  below. 
Generally  speaking,  instead  of  the  shaft  following  the  levels,  and  so  bdng  broken  into 
different  sections,  it  is  sunk  perpendicularly,  being  accessible  to  the  difieient  levels  by 
means  ot  horizontal  curves  connecting  them  together. 

When  the  mine  is  extensive  it  is  usual  to  sink  several  shafts.  Thus,  at  the  Cam 
Brea  Mine,  which  has  a  superficial  extent  of  a  mile  and  a  half  in  length,  and  about 
three  quarters  of  a  mile  in  width,  there  are  frt>m  twenty  to  thirty  shafts.    Other  mines 
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luLTo  eyen  more  tluathis.  Tbeee  Bhafb  are  often  utnated  along  the  lino  of  the  lode, 
and  are  constructed  to  facflitate  the  operations  of  the  mine,  -which  would  be  much 
impeded  were  then  but  one  outlet,  when  the  lerels  haye  been  pitched  £eu:  back.  When 
several  shafts  are  thus  situated,  the  leyeb  extending  from  one  will  run  into  those 
extending  £rom  another,  so  that  the  different  leyels  will  thus  haye  the  advantage  of 
more  than  one  outlet.  Seyeral  shafts  are  sometimes  sunk  when  the  mine  is  very  deep, 
and  the  underlie  eonaiderable,  not  in  the  direction  of  the  lode,  but  in  that  of  the 
underlie,  so  as  to  perforate  the  body  of  the  lode  at  difEerent  points.  These  are  mainly 
intended  to  facilitate  operations  in  the  lower  levels,  which  would  otherwise  be  too  fitr 
removed  ftom  the  outlets  of  the  mine.  When  the  mine  is  deep,  and  the  shafts  are  iSsu: 
apart,  the  levels  are  here  and  there  connected  with  each  other  by  what  are  called 
<«  winxes."  A  winze  is  a  cutting  extending  from  one  level  to  another,  and  when  per- 
pendicular, which  is  not  always  the  case,  is  just  like  the  section  of  a  shaft  extending 
between  level  and  level.  This  has  the  double  object  of  facilitating  the  communication 
between  the  different  levels,  and  of  improving  the  ventilation  of  the  mine.  Some- 
times, despite  the  presence  of  numerous  winzes,  the  circulation  of  air  is  bo  imperfect 
in  a  mine,  that  boys  are  employed  below  in  working  machinps  which  increase  the 
cofxent. 

Adit  ItrnmiL—The  description  of  the  internal  ec<mMny  of  a  mine  would  be  incom- 
plete without  an  allusion  to  what  is  known  as  the  adit  leveL  This  is  censtructed  in 
mines  which  are  situated  on  the  side  of  a  declivity,  and  its  chi^object  is  to  prevent  the 
necessity  of  having  to  raise  the  water  pumped  fitim  the  mine  to  the  very  top  of  the 
shaft.  The  adit  level  may  be  the  first,  second,  or  third  level  of  a  mine,  counting  from 
the  top,  the  depth  at  which  it  is  run  depending  partly  upon  the  depth  of  the  valley 
upon  which  it  opena,  and  partly  upon  the  natiue  of  the  portion  of  the  mine  above  it, 
•a  to  whether  it  is  wet  or  dry.  Thus,  if  a  mine  is  situated  on  the  side  of  a  valley,  and 
the  abaft  is  sunk  about  one  hundred  feet  above  Ihe  lowest  level  of  the  valley  near  the 
mine,  the  adit  level  may  be  run  out  into  the  valley,  about  ninety  or  a  hundred  feet 
down.  Through  this  the  water  will  escape,  and  the  expenao  of  xaising  it  to  the  tc^ 
will  be  saved.    The  adit  level  is  slso  usefial  as  an  auxiliary  to  ventilation. 

These  observations  apply  equally  to  oopper,  lead,  and  tin  mines ;  and  everything 
here  described  is  necessary  to  be  done  before  the  mine  is  in  working  order.  And  all 
this  is  exdusiveiy  the  work  of  the  tutmen.  It  does  not  necessarily  follow  that  ore  has 
been  raised  daring  the  operations,  although  considerable  quantities  are  sometimes 
brought  to  the  surface  in  sinking  the  shafts  and  naming  the  levels.  It  is  not  nntil 
these  are  completed  that  the  real  work  of  mining  begins.  The  levels  are  then  taken 
possession  of  by  those  whose  business  it  is  to  produce  the  care.  When  the  lode  is  very 
licb,  the  tutmen,  as  already  explained,  are  engaged  to  work  it  at  so  much  per  fathom. 
But  the  production  of  the  ore  is  generally  the  work  of  the  tribute  man,  who  is,  after  all, 
the  real  miner. 

SatliJiC  PHetes.— From  the  explanation  here  given,  it  wiU  hove  occurred  to  the 
reader,  that  between  every  two  levels  on  either  side  of  the  shaft  a  deep  belt  of  the  lode 
iaterrenes.  Thus,  between  the  sur&oe  and  the  first  level  there  is  such  a  belt,  as  also 
between  the  first  and  second  levels,  &c.  That  between  the  first  level  and  the  surface 
is  seldom  worked  to  any  great  extent,  but  the  others  are  worked  according  to  thdr  rich- 
ness and  quality.  These  intervening  belts  are,  in  the  language  of  the  miners,  .called 
*^  pitches ;"  and  it  is  by  the  pitch  that  the  work  is  set. 

Each  nme  has  its  own  regular  setting  days ;  and  the  prooeas  of  setting  is  as 
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follows : — ^At  the  proper  time  and  place  the  tributen  and  the  captaina  of  the  mine  meet 
together.  It  should  here  be  mentioned  that  the  captaina  are  invariably  men  who  hare 
risen  from  the  rank  of  miners.  It  is  their  duty  to  set  and  superintend  the  work — to  do 
both  of  which  properly  they  must  frequently  descend  into  the  mine.  There  are  three 
or  more  of  them,  according  to  the  extent  of  the  mine,  and  one  or  morii  of  them  are 
invariably  below.  The  setting  is  a  species  of  auction— the  captains  being  the  auctioneers, 
the  miners  the  bidders,  and  the  pitches  the  subject-matter  of  the  transaction.  Since  the 
previous  setting-day  more  pitches  may  have  been  opened,  either  by  the  fturther  sinking 
of  the  shafts,  and  the  construction  of  additional  levels,  or  by  the  extension  of  the  levels 
already  existing.  It  frequently  happens,  too,  that  pitches  already  partially  worked,  but 
abandoned,  may  be  offered.  In  such  cases  they  may  be  taken  by  different  parties,  or  by 
the  same  parties  at  a  higher  rate.  Both  miners  and  captains  are  supposed  to  have  a 
knowledge  of  the  quality  of  the  pitches,  and  it  is  upon  this  knowledge  that  they  proceed 
to  business.  The  pitches  are  put  up,  one  after  another,  not  to  the  highest,  but  to  Ae 
lowest  bidder.  There  are  maps  of  each  mine;  and  the  pitches,  levels,  shafts,  and 
winzes  are  all  as  well  known  to  the  parties  concerned  as  are  their  streets  to  the  denisens 
of  a  town.  Pitch  so-and-so  is  put  up,  and  the  bidding  commencea.  The  offer,  on  the 
part  of  the  captains,  is  to  set  the  lode  to  the  party  that  ynR  work  it  for  the  smalleit 
share  of  the  proceeds.  This  explains  the  position  of  the  tributer,  and  the  character  of 
his  work.  He  does  not  work  for  fixed  wages,  or  for  so  much  per  fiithom,  but  becomes, 
quoad  the  portion  of  the  mine  which  he  engages  to  work,  a  partner,  as  it  were,  in  its 
profits  and  losses.  The  share,  in  consideration  of  which  he  will  work  a  pitch,  depends 
upon  his  belief  as  to  the  quality  of  the  lode  at  that  particular  point.  Thus,  he  will  ofler 
to  work  a  rich  pitch  for  five  shiUings  in  the  pound ;  that  is  to  say,  for  five  shillings  ont 
of  every  poimd's  worth  of  ore  which  he  may  raise  to  the  mahce.  This  is  called 
his  tribute.  To  work  a  poor  pitch,  however,  which  yields  but  little  ore  to  a  great  deal 
of  labour,  he  may  ask  as  high  as  thirteen  shillings  in  the  pound.  Sometimes  he  will 
work  at  a  lower  rate  than  five  shillings ;  but  when  the  ore  is  so  rich  as  to  tempt  him. 
to  go  much  lower  than  that,  the  adventurers  generally  give  it  out  on  tut  by  the  fathom, 
retaining  all  the  produce  to  themselves.  Between  four  shillings  and  thirteen  shillings 
in  the  poimd  is  the  range  at  which  the  tribute  man  generally  works.  It  is  seldom  that 
there  is  any  indiscriminate  bidding,  or  any  great  scramble  at  the  settings.  Men  who 
have  obtained  a  footing  in  the  mine  have  generally  the  preference  over  strangers.  The 
captain  has  generally  his  price  for  each  pitch ;  and  if  it  is  a  new  setting  for  the  same 
pitch,  he  usually  offers  it  to  the  party  who  have  already  worked  it.  If  they  take  it,  the 
matter  so  far  is  at  an  end ;  if  not,  it  is  then  put  up,  and  the  lowest  bidders,  before  a 
stone  which  is  thrown  up  falls  to  the  ground,  receive  the  work. 

The  pitches  are  set  for  two  months  at  a  time — an  arrangement  advantageous  to  all 
parties ;  for  if  the  tributers  find  a  pitch  poorer  than  they  anticipated,  they  are  not 
obliged  to  work  it  for  a  greater  length  of  time, — whereas,  if  it  turns  out  much  richer 
than  was  expected,  the  adventurers  will  be  enabled,  at  the  end  of  that  period,  to  secure 
their  fair  share  of  the  produce.  The  tributers  have  this  further  advantage,  that  should 
they  find  the  pitch  very  poor,  they  may  throw  it  up  at  the  end 'of  a  month,  although 
they  have  taken  it  for  two ;  and,  in  such  a  case,  it  may  be  reset  to  them  at  a  higher  rate. 

It  has  been  already  intimated  that,  in  setting  the  pitches  and  giving  ont  tntwoik,  a 
preference  is  usually  given  to  those  who  have  been  established  in  the  mine,  provided 
they  are  disposed  to  take  the  work  at  or  near  the  captain's  price.  This  preference  has 
given  rise  to  the  practice  of  taking  " farthing  pitches,"  as  they  are  sometimes  called; 
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that  18  to  say,  taking  a  pitch  at  the  lov  aad  meiely  nominal  tribnte  of  a  farthing  in  the 
pound.  The  object  of  doing  so  is  simply  to  get  estahliahed  in  the  mine.  At  the  next 
setting  those  parties  will  be  on  the  same  footing  as  those  who  preceded  them  in  the 
mine.  Bnt  adyantageons  as  this  appears  to  be  to  the  adTentnrers,  it  is  not  in  reality 
so.  Beyond  getting  established  in  the  mine,  the  men  have  no  inducement  to  work — 
their  tribute  being  merely  nominal.  The  consequence  is,  that  they  waste  their  time, 
doing  little  or  no  work  whilst  below,  to  the  obvious  detriment  of  the  adTcnturers. 
This  is  now  so  clearly  seen,  that  in  most  mines  the  system  of  farthing  pitches  has  been 
discontinued ;  the  adventurers  having  been  all  the  more  inclined  to  depart  from  it, 
from  the  umbrage  which  it  fr^uently  gave  to  those  who  had  been  long  in  their 
employment. 

When  a  pitch  is  set,  it  is  marked  down  in  the  books  of  the  mine  as  set  to  such  and 
such  a  party.  Their  names  or  marks  are  all  subscribed  to  the  notification.  The  party 
varies  in  number,  according  to  the  nature  of  the  pitch,  and  the  quantity  of  labour  which 
will  have  to  be  expended  upon  it.  Sometimes  the  party  does  not  exceed  four ;  at  other 
times  it  consists  of  six  or  eight ;  and  occasionally  extends  to  twelve. 

•PiUMlnfc  thm  Ova.--The  share  of  the  tributer  is  determined  as  to  its  amount  by 
the  value  of  the  ore  when  ready  for  market  He  has,  therefore,  not  only  to  extract  it 
from  the  lode,  but  also  to  prepare  it  for  market.  This  is  done  on  the  sur&ce  by  those 
whom  he  employs  for  the  purpose.  At  every  mine  there  is  a  large  number  of  surfrioc 
workers ;  amongst  whom  may  be  seen  some  men,  but  the  majority  of  whom  are  women 
and  boys.  They  constitute  from  one-fifth  to  one-fourth  of  the  whole  number  employed 
in  and  about  the  mine.  These  surface  workers  are  almost  all  in  the  pay  of  the  tributers 
or  underground  men.  It  is  their  business  to  tske  the  ore  as  it  comes  firom  the  shaft-  ■ 
to  have  it  stamped,  cleaned,  and  washed,  and  prepared  for  the  smelters.  The  larger 
masses  are  broken  with  hammers,  generally  by  women,  until  the  whole  pile  is  in  pieces 
about  the  size  of  a  large  egg.  If  the  ore  is  very  rich,  it  is  then  carried  to  the  roUers, 
between  which  it  is  crushed.  It  is  then  i«ady  for  market.  This  applies  only  to  the 
copper  ore,  which  is  considered  good  if  it  has  fit>m  ten  to  fifteen  per  cent  of  metal  in 
it.  The  preparation  of  the  tin  ore  is  very  different.  It  often  comes  to  the  surface  with 
no  more  than  six  per  cent,  of  metal  in  it ;  but  before  it  is  ready  for  market,  and  in  a 
state  fit  to  be  received  by  the  smelters,  it  has  to  be  '*  worked  up "  until  it  contains 
seventy-five  per  cent,  of  metaU- in  other  words,  the  great  bulk  of  the  dross  must  be  got 
rid  of.  The  ore  is  first  taken  to  the  stamps.  These  have  been  already  described.*  As 
the  crushed  ore  passes  fh>m  the  stamperit  is  carried  by  the  water  to  beds,  which  alightiy 
decline  towards  one  end.  The  best  part  of  the  ore  sinks  immediately  at  the  upper  end 
of  these  beds,  the  dross  not  sinking  until  it  reaches  the  lower  end.  This  dross,  still 
containing  some  metal,  is  again  washed,  by  being  divided  into  other  beds  similarly 
situated,  and  the  process  is  resumed  until  little  but  droas  remains.  In  this  way  the  tin 
ore  is  worked  up  to  the  requisite  quality  of  seventy-five  per  cent.  When  the  copper 
ore  is  not  very  rich,  it  also  is  put  under  stamps,  and  undergoes  the  process  of  washing. 
There  are  other  operations,  such  as  '*  jigging,"  Ac.,  all  having  in  view  the  preparation 
of  the  ore  for  market.  It  is  when  sold,  after  it  has  been  so  prepared,  that  the  tributcr's 
earnings  are  determined ;  in  ascertaining  the  net  amount  of  which  he  has,  of  course,  to 
deduct  the  wages  of  those  employed  by  him  on  the  suzfrwe  for  the  preparation  of  the 
ore.  Nor  is  this  the  only  deduction  which  has  to  be  made,  as  will  be  presently  seen. 
The  tin  ore  is  not  thus  prepared  at  his  cost — ^being  generally  bought  of  him  at  the  top 
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of  the  shaft — ^the  adTentaron  ▼otkmg  it  op  to  the  requisite  point.    B^are  cooaidezmg 
the  miner's  wages,  it  will  be  as  well  to  see  him  «t  work. 

Vndsigzowid  Wovk.— Mines  axe  not  all  equally  wet ;  but  no  one  c«i  expect  to 
penetrate  Ttrj  far  into  a  mine  and  emerge  dry  from  it.    We  have,  therefore,  to  go  to 
the  *'  shifting-room,"  and  attire  onrselTes  in  a  miner's  garb.    It  consists  of  a  suit  of 
thick  flannel,  with  a  stout  coat  oyer  it,  heavy  shoes  for  the  toet,  and  a  hat  generally 
made  strong  enough  to  **  bear  a  good  knock."    We  must  also  proyide  ourselves  each 
with  a  candle.    The  candle  is  stuck  into  a  piece  of  clay,  which  again  is  stuck  upon  the 
hat,  which  is  of  the  *^  wide-awake  "  shape.    Thus  equipped,  we  descend  the  ladden. 
As  we  approach  the  shaft,  we  perceive  a  steam  rising  from  it.    This,  we  axe  inlbrmed, 
is  the  breath  of  the  men  at  work  below.   The  very  mine  itself  seems  to  breathe.   There 
are,  at  least,  six  hundred  men  at  work  beneath  our  fbet,  at  varioua  depths,  some  one 
hundred,  some  five  hundred,  and  others  sixteen  hundred  feet.    The  ladder  ia  veiy 
narrow,  with  iron  bars,  and  ia  well  nigh  perpendicular.    The  bars  are  moist  and  greasy, 
from  the  men  passing  up  and  down,  vHiich  makes  us  cling  all  the  more  firmly,  oon- 
sidering  the  unknown  depth  of  the  diaft,  and  the  almost  perpendicular  positioii  of  oar 
means  of  descent.    We  bid  adieu  to  daylight  almost  by  the  time  we  have  readied  the 
first  leveL    There  is  no  one  at  work  in  it,  so  we  descend  to  the  second.    We  pass  it, 
and  several  others,  untQ  at  length  we  reach  the  seventh  level.    We  are  then  about  four 
hundred  feet  under  ground— a  sufficient  depth  to  bury  St.  PauFs.    We  take  the  lord 
to  our  right,  and  pursue  it  until  we  reach  the  men  at  their  work.    There  is  a  tramroad 
along  the  level  for  "  running  the  stuff"  to  the  shaft,  so  that  it  can  be  raised  to  the 
sorffice.    In  some  of  the  smaller  mines  this  is  done  by  boys  with  wheelbarrows,  which 
with  the  exception  of  working  the  ventilating  machines,  is  the  only  purpose  to  whidi 
boys  are  put  below.    We  proceed  about  one  hundred  feet  in  a  horizontal  eouxsey  when 
we  come  upon  the  miners.    When  they  take  a  pitch,  they  generally  woik  it  19,  not 
doum—ihett  is  to  say,  the  men  working  from  the  seventh  level  work  up  towards  the 
sixth,  not  down  towards  the  eighth.    Their  object  is  to  follow  the  lode^  and  extract  tiie 
ore  firom  it,  disturbing  as  little  of  the  non-metallk  ground  as  possible.    When  the  lode 
is  wide  enough,  they  work  nothing  but  the  lode,  leaving  the  matter  on  either  side 
^  untouched.    A  miner  will  thus  work  in  a  lode  only  eighteen  iodies  wide ;  but  if  it  is 
narrower  than  that,  he  has  to  clear  away  some  of  the  '*  country  " — ^which  is,  removing 
a  sufficient  quantity  of  the  granite,  slate,  stone^  or  other  substance  which  may  envdop 
tiie  lode,  to.  enable  him  to  follow  it.    Those  upon  whom  we  have  come  are  engaged  at 
this  work,    lliey  are  preparing  to  clear  away  the  granite  by  Uosting  it.    The  hole  for 
the  powder  is  made  with  a  "  borer,"  held  by  one  whilst  the  other  strikes  it  with  a  laxge 
sledge-hammer.    The  latter  is  in  a  state  of  profuse  perq»iratioB,  whilst  the  other  is 
shivering  with  odd.    They  ore  both  completely  wet— as,  indeed,  we  are  ourselves. 
The  man  with  the  hammer  has  nothing  on  but  lus  flannel  trousers.    The  beatings  of 
his  heart,  which  are  quick  and  strong,  strike  painfully  upon  the  ear.    He  seems  to  be 
galloping  through  life — and  so  he  is ;  for  the  miner  is  generally  but  a  short  liver.    We 
leave  this  part  of  the  level,  and  take  that  on  the  other  side  of  the  shaft,  which  we  follow 
for  a  considerable  distance,  until  we  come  to  a  hole,  through  which  we  have  to  crawl 
on  an  fours.    We  then  find  ourselves  at  the  bottom  of  a  winze,  which  we  pass,  sad 
pursue  the  level.    The  men  have  worked  up  for  a  considerable  distance,  making  stages 
for  themseWes  as  they  rise  into  the  lode.    The  ore  is  carefally  separated  from  the  stufi; 
and  is  carried  over  the  tramway  to  the  shaft.    Such  is  the  merest  outline  of  the  wuk 
which  thr.  mine  exhibits.    Space  will  not  permit  us  to  go  into  details  here.    We  return 
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•gain  to  the  forfiMse.  But  to  dimb  a  geriee  of  peipendicnliir  laddawy  reaching  m  hi^ 
UB  St.  Panl'a,  it  no  joke.  We  take  about  half  an  hour  to  do  it,  rating  at  the  diffident 
lerela  aa  ve  ascend.  We  anire  at  the  top  utterly  ezhanated,  and  thankful  that  we 
hvre  emerged  again  into  daylight.* 

Such  is  the  position,  and  such  are  the  oircumBtances  of  the  miners  when  at  work. 
They  generally  relieve  each  other  eyery  eight  hours,  each  gang  wotking  ei^^t  hours 
out  of  the  twenty  four.  Their  toola  are  chiefly  the  sledge,  the  borer,  and  the  pick, 
inth  the  last  of  which  they  remove  the  dislodged  granite,  and  other  stofl^  which  does  not 
zequire  Masting.  At  one  of  the  mines  near  Bedruth  the  tzibuters  hare  done  work  in 
tlie  three  hundred  Isthom  leTel--that  is  to  say,  one  thousand  oght  hundred  feet  below 
the  snrikce.  Their  engagement  ia  to  be  on  the  ladders  by  six  in  the  morning,  and 
emerge  from  the  mine  about  five  in  the  afternoon.  Neariy  two  hours  are  spent  in 
descending  and  ascending  the  ladders.  With  the  exception  of  the  Sundays,  the  life  of 
these  poor  fellows  is  one  perpetual  night.  The  temperature  is  often  so  hi^  in  the 
leyel  that  the  men  all  work  naked,  ascending,  every  hour  or  so,  to  several  fathoms 
above  them,  to  dip  themselves  in  some  pools^  which  are  comparatively  cool.  But 
the  tributers  look  with  aa  great  contempt  upon  the  tutmen,  as  the  tutmen  do  upon  the 
•urftce  labourers.  Indeed,  a  tributer  wiU  be  on  the  point  of  starvation  before  he  will 
take  tut-work.  Some  mines  employ  upwards  of  a  thousand  peopb ;  othen  much  leas. 
The  Caradon,  and  other  mines  which  some  years  ago  qirang  up  in  the  neighbourhood 
of  Liakeard,  afford  subsistence  to  about  ten  thousand  people,  including  the  miners  and 
their  families. 

MliMn'  Wages.— The  wages,  or  earnings,  are  paid  once  a  month ;  but,  to  keep 
the  mineis  and  their  familiea  going,  a  portion  is  paid  on  account  once  a  fortxtight. 
This  is  called  their  *'  subsist,"  or,  more  commonly,  "  stist"  This  is  objected  to  by 
acme,  as  tending  to  make  men  lazy.  Where  the  farthing-pitch  syatem  is  in  vogue,  it 
worka  very  badly.  In  such  case  the  men  are  not  entitled  to  anything  till  the  end  of 
the  first  two  months ;  and  they  do  not  get  their  subsist  until  a  fortnight  before  the  day 
on  which  they  are  entitled  to  their  earnings.  The  conaequenoe  is,  that  they  woik  for 
*  six  weeks  without  receiving  anything.  They  are  thus  driven,  by  their  ciicnmatances, 
to  go  into  debt  witJi  the  retail  dealers  for  the  neoeasaziea  of  hit.  Once  in  4^bt,  it  is 
very  difficult  for  them  to  get  out  of  it,  and  reckless  habits  frequently  supervene. 

Siaiiuige.-'In  this  aocount  of  mining  little  notice  is  taken  of  the  very  important 
operation  of  draining  the  mine,  which  is  not  to  be  managed,  as  in  coal  mining,  by  a 
system  of  tabbing,  because  the  working  of  mineral  veins  is  a  very  different  matter  from 
that  of  removing  a  coal  seam.  In  early  operations,  the  means  of  removing  water  were 
oonflned  to  bncketa ;  and  in  Cornish  mines,  the  first  improvement  in  drainage  was  by 
tiie  pump  called  the  ''rag  and  chain,"  so  named  from  a  quantity  of  rags  or  skins,  at 
intervals,  bound  up  to  the  siae  of  the  pump,  on  a  chain  or  rope,  revolving  round  a 
cylinder,  worked  by  hand  or  water«wheel  at  the  surface,  which,  passing  through  the 
pump,  forced  the  water  up  before  it  Hie  next  improvement  waa  the  oommcn  bucket 
or  lifting  pump.  As  long  as  the  notion  prevailed  that  the  principle  that  water  could 
not  bo  raised  more  than  thirty-three  feet  was  applicable  to  a  pump  whose  bottom  was 
in  the  water,  each  lift  of  pumps  was  confined  to  thirty  feet;  so  that  in  a  mine  aixty 
flrthoms  deep,  it  would  require  twelve  lifts  of  pumpe,  the  lower  ones  supplying  the  upper 
by  means  of  dstema  attached  to  each  lift.    This  method  was  called  ^  shammeling," 

*  ThU  aoooont  of  mining  operatSonB  wu  published  Mine  yean  afro  in  the  '*  Mining  Joarnal,*' 
and  la  aolBdently  graphle  and  aMiirate,  in  respect  to  Cornwall,  to  justify  re-pabUeatioo. 
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and  the  pumping  gear  the  "  tihammcl  engine."  It  waa  long  considered  the  ne  p^4ts  ultrm 
of  perfection,  notwithstanding  it  was  found  very  trouLlesomc  and  inconvenient,  by 
filling  the  shaft  witli  pumps  and  pump  rods.  This  was  the  cause  of  much  complication 
and  consequent  weakness,  and  it  could  only  be  applied  where  the  quantity  to  be  pumped 
was  moderate,  and  did  not  require  any  rapidity  of  motion  in  the  pump  gear.  This 
defect  was  severely  felt  in  constant  breakages  and  great  friction  in  working  so  many 
buckets.  These  disadvantages  suggested  the  lengthening  of  the  lift  of  pumps,  and 
drawing  the  water  to  the  surface  by  the  power  of  the  water-wheel,  in  addition  to  the 
pressure  of  the  atmosphere.  It  was  soon  foimd  that  water  could  be  raised  thirty 
fathoms  with  as  much  facility  as  thirty  feet,  with  less  wear  and  tear. 

The  next  and  last  improvement  in  drainage  was  the  "plunger"  or  force  pump,  by 
which  the  weight  of  the  pimip-rods  and  the  piston,  working  in  a  cylinder  at  the  bottom 
of  the  mine,  was  applied  to  force  the  water  up  through  a  column  of  pumps  to  any  height 
required.  It  has  been  found  inconvenient  to  attempt  any  greater  length  of  lifts  thni 
thirty  fathoms,  or  one  hundred  and  eighty  feet.  The  miners  are  ratlier  fanciful  in 
naming  the  lifts  of  pumps  ;  the  upper  one,  which  discharges  the  water  at  the  surface, 
is  called  the  *'  tye ;"  the  others,  in  the  order  of  succession,  are  the  "  rose,"  the 
"  crown,"  the  "  lily,"  the  "  violet,"  and  so  on,  the  lowest  being  the  "  poppy."  These 
improvements  required,  from  the  increase  of  the  pressure  of  water,  that  the  strength  of 
the  pumps  should  be  increased ;  the  wood  pumps  were  replaced  by  iron,  and,  where 
the  corrosive  nature  of  the  water'  required  it,  brass  pumps,  or  iron  pumps  lined  with 
brass,  were  used. 

Within  the  last  half  century,  there  was  not  a  mine  iu  Cornwall  one  hundred  fathoms 
deep.  The  Consolidated  Mines,  at  Gwennap,  at  that  time  consisted  of  small  mines  filled 
with  water.  The  steam-engine,  and  an  outlay  of  some  £60,000  or  £70,000,  has 
enabled  the  workings  to  be  continued  to  a  depth  of  upwards  of  three  hundred  fathoms, 
or  eighteen  hundred  feet,  under  the  hiU,  the  perpendicular  shaft  being  nearly  fiftem 
hundred  feet  deep.  The  weight  of  the  pump-rods,  wliich  have  to  be  lifted  every  time 
the  pump-buckets  require  gearing,  is  little  short  of  one  hundred  and  fifty  tons. 

Iiifting-— With  the  increased  facilities  of  drainage,  con*esponding  improvements* 
were  required  for  raising  the  produce  of  the  mines  to  the  surface ;  the  bucket  raised  by 
manual  labour  was  succeeded  by  the  kibble  drawn  up  by  the  winch — a  rope  or  tackle 
wound  round  a  wood  cylinder  by  an  iron  handle ;  then  came  the  *'  whim,"  worked  by 
horses,  which  has  continued  in  use,  with  various  improvements,  up  to  the  present  time  j 
it  is,  however,  superseded  in  large  mines  by  drawing  machines,  worked  either  by 
steam  or  horse-power. 

The  '*  whim"  is  said  to  have  been  the  invention  of  a  working  miner,  who,  being  in 
ft  studious  mood,  was  asked  by  his  comrade  what  was  the  matter,  and  replied  he  had  a 
whim  in  his  head,  and  his  invention  was  so  called  accordingly. 

Blasting.— On  the  introduction  of  gunpowder  for  blasting  the  rocks,  the  miner 
was  subject  to  continual  danger  from  premature  explosions.  The  hole  in  the  rock, 
when  bored  sufficiently  deep,  had  the  powder  placed  in  the  bottom ;  an  iron  rod,  or 
needle,  was  then  inserted,  and  the  hole  filled  up  with  sand  or  clay,  rammed  in  quite 
tight ;  the  needle  was  then  withdrawn,  and  a  riush  inserted.  This,  when  ignited, 
burned  gradually  down  to  the  powder,  allowing  sufficient  time  for  the  miner  to  reach 
-^  place  of  safety.  The  iron  needle  at  times,  when  struck  with  the  mallet,  would  give 
^paik  of  fire  which  ignited  the  powder,  and  serious  accidents  were  caused  (hereby. 
>out  thirty  years  since  a  copper  needle  was  substituted  ;  but  such  was  the  force  of 


Digitized  by  VjOOQ  IC 


TICKETING  IN  CORNWALL. 


286 


habit,  and  the  iron  being  cheaper  than  the  copper,  that  it  wu  only  by  iTtfliftting 
fines  on  tJie  men  that  the  use  of  iron  was  diacontinaed.  The  copper  needle  vaa 
snperseded,  about  aeventeen  years'  since,  by  the  inyention  of  the  safety  Aise— being  a 
Bmall  hemp  cylinder,  well  satozated  with  tar,  and  filled  with  powder ,  this  is  now  in 
general  use. 

TIfilwtIng  Hays.— The  "  ticketing,"  or  weekly  sales  of  ore,  form  a  cnrioos  feature 
in  mining.  The  copper  ore,  on  being  raised  from  the  mines  and  dressed,  is  put  into  heaps 
of  sereral  tons,  and  is  well  mixed ;  and  a  sampler,  on  an  appointed  day,  fixes  on  a  third 
or  fourth  of  the  dole.  The  parcel  is  divided  into  six  doles,  two  of  whidi  are  cut  in  half, 
ind  a  slice  taken  off  the  sides  by  a  shoreL  After  subdiTiding  and  mixing  this,  a  suffi- 
cient quantity  is  put  into  a  bag  by  each  sampler ;  and  this  is  taken  as  the  sample  of  the 
whole.  These  are  carried  to  the  different  assay  offices,  where  the  ore  is  pulverized,  and 
an  oance  (troy)  assayed  in  a  crucible,  with  proper  fiuxes ;  and  a  bead,  or  prill  of  copper, 
is  iiound  among  the  scoria.  If  an  ounce  of  ore  yield  one  pennyweight  of  copper,  the 
produce  of  that  ore  will  be  one  in  twenty,  or  five  per  cent.,  and  so  on.  The  "  standard " 
of  copper  is  the  term  given  by  the  smelter  to  denote  the  price  of  a  ton  of  metal  in  the  ore, 
itmn.  which  standard  he  deducts  a  certain  price  for  every  ton  of  ore,  or  as  many  as  may 
be  required,  according  to  its  produce,  to  give  a  ton  of  copper,  which  sum  is  considered 
by  the  smelter  as  an  equivalent  for  the  returning  charge,  or  expense  of  reducing  the  ore 
to  a  merchantable  state.  The  returning  charge  is  a  fixed  one,  being  the  same  for  poor 
ores  as  for  rich  ones ;  but,  inasmuch  as  it  costs  the  smelter  more  to  convert  a  ton  of  rich 
ore  than  a  ton  of  poor,  the  standard  varies  with  the  produce,  so  as  to  equalize  the  matter 
—hence  poor  ores  fetch  a  high  standard,  and  rich  ores  obtain  only  a  low  one, 
because,  in  the  former  case,  the  returning  charge  more  than  coven  the  cost,  and  in 
the  latter  is  not  supposed  to  equal  it. 

A  fortnigfafs  interval  takes  place  between  the  assay  and  the  ticketing,  during 
which  time  the  agents  receive  answers  fix>m  their  principals  as  to  the  price  to  be 
oflered.  Before  dinner,  tickets,  containing  offers  from  the  different  copper  com- 
panies, founded  on  these  assays,  are  produced,  and  the  highest  is  the  purchaser. 

Ltad  Om  IhreMiiig.— The  processes  adopted  in  preparing  lead  ores  for  the 
market  are  not  greatly  different  from  those  above  described,  and  the  mining  princi- 
ples involved  are  of  course  the  same ;  although,  owing  to  the  fact  that  the  veins 
are  chiefly  in  hard  Umestone  and  gritstone  instead  of  shale  and  granite,  there  is  a 
certain  amount  of  modification  in  details.  We  may  conclude  this  account  with  a 
notice  of  the  preparation  of  lead  in  the  great  mines  of  Allenheads,  in  Northumber- 
land, under  the  management  of  Mr.  T.  Sopwith.*     The  lead  raised  in  these  mines 


*  In  a  tbickneas  of  aboat  two  thousand  feet  of  the  alternating  beds  of  sandstone,  clay,  and  lime- 
itODe,  whSeh  form  the  strata  of  the  mining  diitriets  of  Alleodale,  Alston,  and  Weardale,  there  is  one 
ringle  Btratnm  of  limestone  called  the  **  great  limestone,"  the  Teins  in  which  hare  produced  nearly, 
ifaotqoice,  as  much  ore  as  all  the  other  strata  pat  together.  Its  thickness— which  is  tolerably 
vniform  orer  sereral  hondred  sqoare  miles  of  ooontry— is  about  sixty  feet  In  a  great  thickness  of 
strata  above  the  great  limestone,  only  two  beds  of  that  rock  are  found.  One  of  these  is  called  **  little 
limestone ;"  it  is  from  ten  to  twelre  feet  thick,  and  is  serenty-flye  feet  above  the  top  of  great  lime- 
stone. The  other  is  still  more  tnoonsiderable,  being  only  three  or  four  feet  thick,  and  is  four 
hnadred  and  forty  feet  abore  the  great  limestone.  Beneath  the  great  Umestone  are  sereral  beds  of 
the  same  description  of  rock,  ria.,  at  distances  respectiTely  of  thirty,  one  hundred  and  six,  one 
hnadred  and  ninety,  two  hundred  and  fifty,  and  two  hundred  and  eighty-seren  feet ;  and  the  thiek- 
neas  two,  twenty.four,  ten,  fifteen,  and  thirty-fire  feet.  These  are  known  by  deacriptlte  local  names, 
and  comprise  all  that  are  of  significance  as  regards  lead-mining  operations. 
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amountii  to  aboat  cme-foiir£h  ptzt  of  tbe  -whole  quantity  niaed  in  En^^d,  wmi 
one-tenth  that  of  the  whole  of  Boorope. 

The  prodnoe  of  the  mineral  Teisa  TBiies  faui  pan  galem  to  naaaeaof  xoekia  apa^ 
in  vfaieh  the  ore  is  so  thinlj  diaaeminated  as  not  to  zepay  ih&  trovhle  of  ezlimotiai; 
and  the  process  of  proparing  and  dreaaing,  after  the  extraction  of  the  ore  from  ill  pboa 
in  the  mine,  oonnBti  of  the  puna  aampfea  of  ove  being  picked  out,  vaahed  and  seed, 
ready  for  being  aaMlted  at  onoe,  without  ftutiier  operationa^-aod  alio  of  the  poorar 
aamidea  being  washed  sad  aepatmtod  by  an  hron  grate  or  aieYe  into  two  aise8»  Uwlaipv 
ha-ving  to  be  ground  between  roQen  to  nadnoe  it  to  the  aame  aize  aa  the  amfdlflr,  which 
had  paaaed  the  grate.  When  reduced  to  thia  stage,  the  whole  is  ready  for  aa  opeca- 
tion  callfid  ^  botching."  This  Gonaists  in  placing  the  ore  in  a  tab  with  water— th» 
bottom  of  which  tab  is  a  sieve— and  sabjeoting  the  whole  to  a  sapid  TibEatary  Tertaed 
morement,  or  shaking,  by  which  a  aeparataon^f  the  ore  takes  pbiee.  The  water  ao£B 
lessens  the  weight  aa  grendy  to  ftwrilitato  the  downward  moyement  of  the  orcp  which  cf 
conrae  is  much  heavier  than  the  Bpar  and  other  matenak  comaected  with  it.  Tbm 
vibratory  movement  is  sometimes  given  by  manaai  labour:  a  long  am,  moviiig  jriHi  a 
springs  is  jerked  up  and  down  by  a  strong  lad  jumping  on  a  raised  stand,  so  aa  to  pro- 
dnoe ihe  required  motion.  The  same  resnlts  may  he  obtasaed  by  nadunay.  Tbs 
ore  beang  thus  prepared  and  acted  on,  the  uppermost  part  is  cniireiy  waste  or  z«feas^ 
and  that  at  the  bottom  of  the  tub  consists  of  ore  ready  for  ■■»«lfa'»^  That  whick 
passes  thioa^  the  siefve  requires  chamng  fix>m  foreign  substances  and  dreasing,  in  a 
oontnvance  oaBed  a  iittkUe,  which  is  not  unlike  the  hotohing  tub  above  dcaeiibed. 

In  all  operatioBa  vHiere  a  stream  «f  ranaing  water  is  employed  to  wash  load  ora^ 
it  18  obvious  that  many  of  the  smaller  partidea  will  be  caxzied  away  with  the  stzeaaL 
These  particles  are  allowed  to  settle  by  their  specific  gravity  in  what  are  cdled  aUae- 
pita,  being  merely  reservoia  in  which  the  water  passes  over  a  kog  space  with  a  voy 
tranquil  movement. 

It  is  not  intended  here  to  desciibe  in  detail  ihB  methods  of  dreasing  and  propaiiag 
the  ore  for  each  diAsrent  metal,  or  to  mention  the  peouliaritiM  appertaining  to  the  asei 
themselves.  These  are  matters  betLonging  to  the  praotice  of  metaibuKy,  aad  would 
involve  an  eitonsion  of  the  present  wiork  beyond  its  proper  Umita.  They  may,  however 
be  found  elsewhere  described,  by  those  who  require  thia  kind  of  technical  infiasnation.  * 

VneUeal  Uses  ttf  Ctoo&ogsr.—In  concluding  this  part  of  our  aubjeet— «  depait-  ! 
meat  of  soienoo  worthy  of  every  attenttion,  and  not  to  be  mastered  without  much  cava-  ' 
fol  stady-^we  may  with  propriety  refer  once  more  to  the  advantage  of  geokgicil  \ 
parsuits  generally,  but  more  especially  in  flds  nurfter  of  mi»*nvn^^  end  other  pcactical  . 
applications  already  described.  i 

It  occurs,  as  a  matter  of  fact  conoenung  the  distribution  of  mineral  suhatanoes  in  \ 
the  earth,  that  materiaLi  of  whatever  value  aoe  caxely  ao  distinctly  praKnted,  «  ao  i 
reaffily  available,  that  we  can  be  auie  of  ftoding  ihem  at  once  and  witlKwal  aoBvh. 
Those  vast  quarries  of  building  stone,  ^te,  and  marble— those  mines  of  coal  and  iroB, 
which  astonish  us  by  the  infinite  complication  and  the  extent  of  their  workings,  are 
rarely  indicated  at  the  aurface  by  anything  m(Nre  definite  than  some  general  pccaliaritf 

The  AllwihftMls  mines  being  Aitoatsd  for  tbe  moit  port  at  depths  Irom  the  rarface  varyinff  Snm 
two  hondced  to  six  hundred  lee^  ere  drained  partly  hj  ordinary  irater-vheels,  and  partly  bj  a** 
bydzaolio  engince  inrented  by  Ur.  W.  G.  Armstrong. 

*  An  aecoant  of  atampi^cnuhera,  .and  jigging  maehinesluui  already  bees  ^venin  our  •<^«wimt 
of  gold  washing  and  crushing.    Bee  page  257. 
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by  so  meau  alwaya  impoitant.     Sometinies,  indeed,  the  diaoovory  of  such  hidden 
treasoroB  hat  been  the  work  of  accident ;  but  altiioagh  accident  may  lay  them  bare,  it 
cannot  render  them  nerfol.    A  mnltitade  of  eramplea  might  with  great  ease  be  cited, 
in  which  sobstances  of  great  yalue  hare  lain  unnoticed  and  despised  for  years,  until 
Bome  one  has  appeared  who  had  knowledge  as  well  as  observation.    Then  the  yalue 
appears,  and  the  world  is  astonished  that  no  one  made  the  useful  discorery  before.    In 
fact,  however,  the  cause  of  the  non-diaoovery  was  Tery  cimple,  as  it  generally  is,  and 
had  its  foundation  in  iftnrana.    In  all  oases  in  nature,  but  espeoially  in  such  as  those 
we  have  been  considering,  an  aoquainianoe  with  nature— with  her  laws,  her  operatioBs, 
and  her  history— ia  directly  useful ;  and  it  is  and  must  be  so  to  ereiy  man,  whaterer 
his  business  ia.    Varied  as  the  operations  and  appearances  in  nature  may  be,  they  arc 
all  conclusions  derived  from  the  action  of  a  very  few  great  and  universal  laws.    There 
is  nothing  truly  arbitrary,  and  oombinationa  of  similar  causes  always  produce  similar 
efiiwta.    But  if  this  is  the  case— «nd  the  more  we  study  nature,  the  moro  truly  we  find 
it  to  be  so— how  much  does  it  not  add  to  the  dignity,  as  well  as  the  usefulness  of 
science- for  soienoe  is  nothing  more  than  this  knowledge  of  nature  and  a  familiarity  with 
the  operationa  of  nature's  laws.     Every  one  who  observes  nature  honestly  and  care- 
fully—who makes  himself  acquainted  with  what  otheis,  working  in  the  same  field, 
haye  done— who  thinks  and  reflects  on  what  he  aeefr— and  who  endeaTOurs  to  draw 
oonduaiona  without  giving  hia  prejudices  undne  weight— cannot  fail  to  derive  from 
thia  habit  of  availing  himself  of  opportunities,  some  great  advantages  which  will  place 
him  in  a  better  peeition  than  hia  less  informed  neighbour  or  competitors.    In  this  way, 
aU  amenoe  is  immediately  and  practically  available ;  bat  of  all  departments,  few,  per- 
haps, are  more  directly  so  than  geology.    Am  &ere  are  none  either  amongst  the  agri- 
culturiats  or  manulkctafeES  who  can  dispwisff  with  the  materials  existing  around  tiiem, 
and  only  modified  by  them ;  as  aU  deal  with  the  earth's  amiaoe,  or  with  seme  of  the 
Bubatanoes  obtained  from  beneath  it;  so  we  may  be  aasiiied  that  all  will  be  benefited  by 
some  knowledge  or  other  of  its  nature  and  history.    It  ia  not  only  the  miner  and  the 
quarryman  to  whom  a  knowledge  of  geology  ia  uaefol ;  it  is  equally  necessary  to  the 
engineer  and  the  arohitect,  and  perhaps  still  more  so  to  the  fiumer ;  while,  in  not  a 
few  cases,  the  political  economist  and  the  legtalatmr  find  it  necessary  to  call  in  the 
assistance  of  him  who,  in  studying  the  earth'a  atanotore,  leama  the  notore  of  thoso 
laws  which  havo  governed  its  formation,  and  can  foresee  consequences  which  must 
result  from  the  neglect  of  obedience  to  them.    In  this  way  it  is  that  practical  geology, 
which  a  few  years  ago  was  hardly  known,  except  as  forming  part  of  the  knowledge  of 
some  few  engineers  and  miners,  is  now  not  only  recognised,  but  has  become  of  the  most 
vital  importance.    The  practical  geologist  is  now  called  in  to  assist  the  engineer,  the 
agriculturist  and  the  miner,  to  give  an  opinion  as  to  the  value  of  property,  and  to 
decide  points  on  which  the  health,  wealth,  and  future  prospects  of  large  populations 
depend. 

But  although  geology  is  now  a  profession  requiring  early  study  and  long  experience, 
it  is  by  no  means  necessary  to  devote  a  lifetime  to  theoretical  pursuits  in  order  to  observe 
fiicts  and  obtain  usefrd  results ;  and  we  may  safely  say  that  there  is  not  one  intelligent, 
thinking  man,  having  the  ordinary  means  of  obtaining  and  dispensing  information,  who  is 
not  in  a  position  to  directly  advance  the  interests  of  science  by  his  own  efforts,  and  avail 
himself  of  the  mass  of  scientific  lore  that  has  been  accumulated  by  his  fellow  men. 
But  this  must  bo  properly  imderstood.  It  is  not,  on  the  one  hand,  the  man  who  believes 
and  is  astonished  at  everything  put  before  him  -,  nor  is  it,  on  the  other,  he  who 
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begins  by  doubting  eyerything  except  the  whims  of  his  own  fimcy  and  imagination ; 
nor  is  it  he  who  begins  with  prejudices,  and  will  not  listen  to  any  one  who  throws 
doubt  on  his  preoonceiyed  notions, — who  can  be  in  this  way  uaeiul,  or  can  be 
benefited  by  the  adyonce  of  science.  All  these  are  men  who  retard  progress,  and 
remain  to  the  end  of  their  liyes  as  ignorant  as  they  started.  On  the  contrary,  he  who 
begins  by  doubting  and  questioning  his  own  first  impressions,  his  preoonceiyed  notions, 
and  his  natural  prejudices,  and  who  is  contented  to  learn  and  labour,  and  ponder  on 
what  he  learns  and  sees ;  he  who  adyances  from  fact  to  fiftot,  knitting  them  aU  together 
into  one  firm  and  compact  web ;  who  lets  nothing  escape  his  obsenration,  and  admits 
nothing  into  his  storehouse  which  he  does  not  know  to  be  genuine,— it  is  such  a  one 
who  is  really  a  yaluable  man  in  science.  Such  men,  like  Dayy  in  chemistry,  like  Watt  in 
mechanics,  and  like  a  host  of  other  brilliant  examples  of  the  nobility  of  nature,— such  men 
rise  from  time  to  time  from  the  ranks  in  which  we  aU  commence  our  work— they  rise  firom 
the  only  natural  leyel— that  of  utter  ignorance— to  a  higher  and  higher  position  in 
science  and  in  society— they  first  attain  their  leyel  among  the  multitude  who  are 
adyandng  and  rising  around  them,  and  they  stand  forth  at  last  amongst  the  highest, 
the  best,  and  the  most  useful  of  their  race— examples  of  what  honesty,  truth,  and 
energy  can  do  when  combined  with  high  intellect  and  genius.  None  rise  to  these 
heights  without  truth  and  energy,  for  they  are  as  necessary  as  genius  itself;  and  by  the 
adyances  thus  made  science  continually  progresses.  By  taking  his  share  in  the 
observation  and  reflection,  as  well  as  the  work,  each  person  may  in  his  turn  and  in  his 
place  become  a  contributor  to  that  yast  mass  of  knowledge  which  is  being  treasurod  up 
on  eyery  side.  Numbers  are  at  work  upon  this.  Day  after  day  the  treasure  is  larger, 
and  tho  yalue  greater.  Some  work  with  their  hands,  others  arrange  and  compare ; 
some  are  in  tho  house,  and  others  in  the  field;  some  occupy  one  post,  and  some 
another ;  some  arc  pioneers,  some  form  the  main  body ;  some  are  always  in  the  yan; 
many  lag  behind,  and  would  willingly  stand  still ;  but  the  progress  is  oyer  onwards— 
the  result  neyer  attained ;  there  is  always  abundant  work  to  do,  and  there  is  reward 
for  work  done.  Eyery  inyestigation  that  has  the  disooyery  of  truth  for  its  object  is 
good  and  useful ;  and  eyery  one  who  works  for  his  race  as  well  as  himself  is  a  better 
subject,  a  better  citizen,  and  a  better  man,  than  he  who  sits  by  doing  nothing,  or 
endeayouiing  to  persuade  himself  that  he  can  find  nothing  suited  for  him  to  do. 


D.  T.  MSXED 
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C&TBTAXXOORAFHT,  wlule  It  13  of  gTcat  Value  to  the  chemist  and  natural  philosopher  in 
their  researches,  is  so  important  a  branch  of  Mineralogy,  that  it  is  impossible  to  make 
any  progress  in  that  science  without  some  knowledge  of  its  principles.  We  therefore 
intend  to  make  our  Treatise  on  Crystallography  serve  as  an  introduction  to  Mineralogy. 
The  hardness,  specific  gravity,  chemical  composition,  and  other  properties  of  minerals, 
as  well  as  the  localities  in  which  they  are  found,  and  their  scientific  arrangement,  will 
£)llow  the  Treatise  on  Crystallography. 

Gxystallogvaphy.— In  the  mineral  kingdom  a  great  variety  of  solid  bodies  are 
met  withy  bounded  by  plane  smooth  surfaces.  These  bodies  are  called  crystals,  and  it 
is  the  province  of  the  science  of  Crystallography  to  investigate  their  mathematical 
propertiea,  to  classify  and  arrange  them.  The  surfaces  of  crystals  are  not  always 
plane  ;  they  are  sometimes  curved ;  but  these  curved  surfaces  are  comparatively  rare. 
Crystals  are  not  confined  to  the  mineral  kingdom ;  they  occur  very  frequently  among 
the  products  of  the  chemical  laboratory.  Almost  all  the  salts,  and  a  great  many  other 
substances,  under  favourable  circumstances,  assume  the  form  of  crystals. 

Some  crystals  are  very  simple  in  their  forms,  and  present  solids  remarkable  for 
their  symmetry ;  while  others  are  exceedingly  complex,  being  bounded  by  more  than  a 
hundred  difBerent  suifioces. 

We  axe  ignorant,  as  yet,  of  the  manner  in  which  the  majority  of  crystals  belonging 
to  the  mineral  kingdom  are  formed.  Very  few  can  be  reproduced  by  the  chemist ;  and 
those  which  can,  are  generally  smaller  than  the  natural  ones,  and  present  few  of  their 
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modifications.  Crystals  of  quartz  occur  of  an  immense  size  in  nature,  some  single 
crystals  weighing  many  pounds.  It  is  doubtful  if  any  crystals  of  this  substance  have 
been  obtained  artificially.  Crystals  of  carbonate  of  lime  occur  in  nature  of  almost 
every  size,  and  in  almost  numberless  yarieties  of  form ;  while  the  artificial  crystals  are 
almost  microscopical  in  character.  The  diamond,  which  is  carbon  in  a  crystallized 
state,  has  never  been  produced  by  art ;  but  some  very  minute  crystals  of  a  few  of  the 
other  gems  have  been  formed  by  the  chflmists. 

Though  we^aro  ignorant  of  the  mewa  by  which  the  great  majority  of  ecystals  have 
been  fonnedin  the  gntftt  laboratory  oiatthirc,  we  can  crystallizaan  immenao  variety  of 
substances.  SKoifaiiig  can  be  more  intooMting,  aiid..at  the  same  time  more  instructive 
to  the  student  of  cryitallography,  than  to  wathhtJtiie  prooo8SL.'of  crysUQization  for 
himself,  and  observe  ike  gradual  growth  of  crystab. 

ArtUtcUl^GfyaMli.— Crystals  may  be  obtaiadd'  by  .iBnoaunatethods.  Most  of 
the  salts,  «»rwilIaaMagM  dther  substances  which^M?e  soluble  in  ^sster,  depofliVsiinstals 
as  their  soliAionB^aiO'gradnally  evaporated.  Bismuth,  and  mostolhcr  metals,  assume 
the  orystaSine  fotm  as  tiiey  pass  from  the  fluid  to  the  solid  state  after  being  melted. 
Some  bodies  become  cryataJliEed  by  the  process  of  sublimation.  Crystals  are  fixmed  by 
the  electro-galvanic  deoon^fisition  of  some  solations*,  thus,.' tin  ciystaLllizes  by  the 
reduction  of  a  solutioniiif  its  protochloride  by  a;gM.vanic  cmarent.  Crystals  of  sulphur 
may  be  obtained  in  three  ways,— by  sublimation,  by  the  evaporatloa  of  its  solution  in 
bisulphide  of  carbon,  and  by  cooling  from  a  state  of  fusion. 

Crystals,  Crystalline,  and  Amozphons  Substances.— All  solid  substances 
which  do  not  owe  their  structure  to  the  vital  forces  of  the  animal  or  vegetable  kingdom 
are  crystals,  crystalline,  or  amorphous.  Crystals  have  been  already  described.  A 
crystalline  body  consists  of  a  confused  aggregation  of  minute  or  imperfect  crystals;  and 
an  amorphous  body  is  one  in  which,  as  its  name  implies,  no  form  or  structure  can  be 
observed.  Sugar-candy  consists  of  crystals  of  sugar ;  loaf-sugar  is  crystalline,  and 
barley-sugar  is  amorphous.  We  meet  with  crystals  of  carbonate  of  Ume  in  calcareous 
spar  and  arragonite ;  marble  is  a  crystalline,  and  chalk  an  amorphous  form  of  &e  same 
substance. 

Faces,  Edges,  Angles,  and  Axes  of  Crystals.— The  phino  surfaces  by 
which  a  crystal  is  bounded  are  called  its  faces.  An  edge  is  the  Une  formed  by  the  union 
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of  two  faces.  The 
solid  angle  of  a 
crystal  is  pro- 
duced by  the 
union  of  more 
than  two  faces, 
and  may  be  three- 
fioLoed,  four-£Eused, 
six-faced,  &c.  The 
plane  angles  are 
the  angles  on  a 
&oe,  bounded  by 


Fig.  2.— TbiB  Octahedron. 


As 
Fig.  1.— The  Cube, 
the  intersection  of  its  boundary  edges.  Axes  are  imaginary  lines,  drawn  tfaroagfa 
a  orystal  for  the  oonvenienoe  of  calculation,  or  for  the  puipoae  of  describing  its  geo- 
metrical properties.  Cryistalline  forms  ore  the  simplest  mathematical  solidB  in  wliidi 
erystals  occur,  or  to  which  their  &oes  are  parallel. 
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Fig.  3. 


If  as  much  common  salt  bo  throMii  into  boiling  water  as  it  will  dissolve,  beautiful 
cubes  will  be  seen  to  form  rapidly  on  its  surface  as  it  cools,  as  well  as  on  the 
sides  of  the  vessel  in  which  it  is  contained.  The  same  thing'will  occur  moro  slowly,  if 
a  saturated  solution  of  salt  in  cold  water  bo  allowed  to  evaporate  spontaneously.  A 
warm  solution  of  alum  will  deposit  octahedral  crystals  on  strings  suspended  in  it, 
as  well  as  on  the  sides  of  the  vessel  containing  it  as  it  cools.  The  surfaces  of  the  cube 
are  all  squares,  those  of  the  octahedron  cq^uilateral  triangles  ;  the  cube  is  bounded  by 
six  squares,  the  octahedron  by  eight  triangles. 

Compound  Grjrst&Uine  Forms.— If  an  octahedral 
crystal  of  alum  be  left  suspended,  at  the  ordinary  tem- 
peratiu-c  of  the  atmosphere,  for  a  day  or  two,  in  the  solu- 
tion of  alum  in  which  it  was  formed,  though  tlie  crystal 
will  increase  in  size,  its  form  will  generally  be  altered.  The 
six  solid  angles,  formed  by  the  junction  of  four  of  the  equi- 
lateral faces,  will  be  found  replaced  by  flat  square  surfaces ; 
so  that  the  crystal  will  present  the  appearance  represented  in 
Fig.  3,  where  the  eight  faces,  bounded  by  six  edges,  and  marked  O^,  Og,  &c.,  Og,  will  be 
parallel  to  those  of  the  octahedron  first  formed  by  the  so- 
lution. 

If  the  SIX  square 
faces,  marked  P„  V^r 
&c.,  Pg,  be  produced 
till  they  intersect  one 
another,  these  inter- 
sections will  give  the 
outline  of  a  cube,  while 
the  faces  0^,  0^,  &c., 
Og,  being  similarly  produced,  will  complete  the 
figure  of  an  octahedron,  as  shown  by  Fig.  4. 

Such  a  crysttd  as  this  is  called  a  combina- 
tion of  the  forma  of  the  cube  and  octahedron. 
The  faces  which,  being  produced,  form  a  cube,  are 
callud  the  cubical  faces ;  and  those  which  form 
the  octahedron,  octahedral  faces. 

Far  more  complicated  forms  are  found  in  nature, 


Fig.  5  represents  a  cube  of  fluor 
Pi 


Tig,  6.  Fig.  7.  Fig.  8. 

Ehombic  Dodecahedron.         Twenty-four -faced  Trapczohedron.         Throe-faced  Octahedron. 
«pflr,  every  edge  of  which  is  modified  or  replaced  by  a  plane  eurfaco,  inclined  to  the  «ur- 
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face  of  the  cube ;  and  every  solid  angle  of  the  cube  is  replaced  by  twelve  planes. 
The  crystal  has  therefore  one  hundred  and  fourteen  faces. 

The  six  faces,  Pj,  Pj,  P,,  &c.,  P«,  are  parallel  to  the 
faces  of  the  cube  (Fig.  1). 

The  faces,  r^  r^  r,,  &c.,  r^,  which  replace  the  edges 
of  the  cube,  are  parallel  to  a  twelve-faced  figure,  called 
the  RJiofnbic  Dodecahedron  (Fig.  6). 

The  twenty-four  faces  Oi,  i?a,  On  &c->  which  modify 
each  solid  angle  of  the  cube,  are  parallel  to  the  surfaces  of 
the  twenty-four-faccd  trapczohedron,  bounded  by  twenty- 
four  similar  and  equal  four-sided  faces,  called  deltoids,  ox 
trapeziums  (Pig.  7).  ^'  9«— Six-faced  Octahedron. 

The  twenty-four  faces,  Jj,  i^,  ^„  &c.,  are  parallel  to  the  sur&ces  of  the  twcnty-four- 
faced  figure  called  the  three-faced  octahedron,  each  of  whose  faces  is  a  similar  and 
equal  isosceles  triangle  (Fig.  8). 

And  the  forty-eight  faces,  ^i,  ^,  e^,  e^,  «,,  e^^  &c.,  are  parallel  to  the  surfaces  of  a  forty- 
cight-faced  figure,  called  the  aix-fiiced  octahedron,  each  of  whose  faces  arc  scalene 
triangles,  similar  and  equal  to  each  other  (Fig.  D). 

BKodiflcations  of  Foims,— Crystals  of  simple  forms,  such  as  the  octahedron, 
are  sometimes  formed  with  as  much  accuracy  as  the  geometrical  solid;  but  at  other 
times  the  faces  are  so  modified  as  to  render  it  difficult,  at  first  sight,  to  recognise 
the  form  to  which  they  belong.  The  three  accompanying  figures  (Figs.  10,  11,  and 
12}  represent  modifications  of  the  octahedron  frequently  observed  among  the  crystals 


Fig.  10. 


Fig.  11. 


Fig.  12. 


of  alum.  On  examination,  it  iK'ill  be  found  that  the  &ce8  Oi,  Ofy  &c.,  o«,  are  each  paronel 
to  a  face  of  an  octahedron ;  and  that  the  inclination  of  any  one  face,  such  aa  o^  on 
any  of  the  adjacent  faces,  such  as  o^,  or  o«,  is  on  angle  of  109°  28',  as  it  is  in  the  regu- 
lar octahedron. 

Fomis  of  GzysiaUi  Independent  of  Hie  ilxe  of  thelz  Faces  mnd  Edges. 
— From  what  has  been  stated,  with  regard  to  the  octahedron,  it  appears  that  the 
geometrical  form,  to  which  the  fiEu^es  of  a  natural  crystal  are  referred,  is  independent  of 
the  ^e  of  the  face,  or  even  the  form  of  its  outline.  Thus,  the  feces  of  an  octahedron 
are  all  equilateral  triangles,  while  some  of  the  faces  in  the  three  preceding  figures  axe 
bounded  by  four  edges,  as  o,  and  05  (Fig.  10),  O4  and  o^  (Fig.  11),  and  some  by  six,  as  Oj 
(Fig.  12).    A  regular  octahedron,  or  cube,  may  be  of  any  sixe,  from  one  requirmg  a 
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microscope  to  perceive  it,  to  one  whose  edges  are  several  inches  in  length.  The  faces 
of  a  compound  crystal  are  alvays  refeired  to  the  simplest  symmetrical  solid  to  which 
they  are  parallel.  This  parallelism  is  determined  by  the  measurement  of  the  inclination 
of  one  face  to  another.  This  inclination  is  determined  by  instruments  called  gonio- 
meters, which  will  be  described  hereafter. 

Cleawage. — Some  minerals  are  found  to  split,  or  cleave,  with  greater  ease  and 
readiness  in  some  directions  than  others.  In  some  cases,  as  in  calcareous  spar  and 
fluor  spar,  this  cleavage  takes  place  with  great  facility,  and  displays  very  smooth  sur- 
faces. The  cleavage  is  generally  parallel  to  some  crystalline  form ;  that  of  calcareous 
spar  being  parallel  to  the  six  &ces  of  a  figure  called  the  rhombohedron,  and  that  of 
fluor  spar  parallel  to  the  eight  fSaces  of  the  octahedron. 

If  a  cube  of  fluor  spar,  A„  As,  &c.,  Ag,  have  diagonals,  Ai  A,,  A,  A4,  joining  the 
opposite  angles  of  its  square  faces,  scratched 
upon  them.  It  will  be  found  that  a  Imifc 
being  applied,  with  its  edge  on  one  of  the  dia- 
gonals Ai  Aji,  and  the  blade  of  the  knifb  in  the 
same  plane  with  the  triangle  Ai  A,  Ag,  a  smart 
blow  from  a  hammer,  on  the  back  of  the  knife, 
will  detach  the  solid  pyramid  Ai  A3  A,  A  4, 
from  the  cube.  In  a  similar  manner,  the  pyra- 
mids Ai  A3  Af  A(,  A|  Ag  A0  A4,  and  A^  Ag 
Af  A7,  may  be  removed,  leaving  a  regular 
tetrahedron,  A^,  A„  Ae,  A«,  as  the  nudens  of  the 
cube. 

By  removing   the   lour  pyramids  whose  ^^^*  ^'* 

vertices  are,  A„  A„  Ag,  and  A«,  another  tetrahedron  in  the  position  A,  A4  A,  A5, 
might  have  been  obtained. 

Nature  thus  aflbrds  a  demonstration  of  the  Ist  proposition  of  the  15th  Book  of 
Euclid — " Soiff  to  imcribe a regtUar  Tetrahedron  m  a  Cube" 

By  removing  the  eight  solid  pyramids,  whose  vertices  are  respectively  A^,  A,,  &c., 

A«,  and  replacing  the  removed  fragments,  we 
should  see,  within  our  transparent  cube  of  fluor 
spar,  a  regular  octahedron  Pi  P,  &c.,  P«,  in- 
closed within  the  cube,  and  regularly  inscribed 
in  it,  as  the  octahedron  is  inscribed  in  a  cube 
by  the  3rd  Prop,  of  the  16th  Book  of  Euclid. 

SystoBM  of  GiysUls.— We  have  seen 
that  one  substance,  such  as  fluor  spar,  presents 
on  its  crystals  faces  parallel  to  several  different 
mathematical  symmetrical  solid  forms.  All 
these  forms  can  be  shown  to  have  certain  ma- 
thematical relations  to  the  cube  or  the  regular 
octahedron.  Other  substances,  whose  crystals 
ooour  in  the  fbrm  of  the  cube  or  octahedron,  or  have  faoes  parallel  to  these  forms. 
present  us  with  crystals  either  in  the  form,  or  with  faces  parallel  to  the  same  mathe- 
mathioal  solids. 

These  solids,  thxui  associated  in  nature,  and  possessing  certain  mathematical  properties 
in  eommon,  are  classed  together  in  one  systeip,  called  the  cubical  or  octahedral  system. 


Fig  14. 
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Other  substances  occur  in  forms  similar  to,  or  with  their  faces  parallel  to,  other 
mathematical  solids,  differing  in  their  mathematical  properties  from  those  of  the  ciibieal 
system.    These  forms  are  classed  together  nnder  other  systems. 

It  may  bo  observed,  that  faces  parallel  to  the  forms  of  one  system  are  not  found  on 
the  same  crystal  combined  with  faces  parallel  to  the  faces  of  forms  belonging  to  a 
different  system  of  crystallization.  Thus,  faces  parallel  to  the  eight  fbces  of  the  regular 
octahedron  are  found  on  crystals,  associated  only  with  :feccs  parallel  to  the  forms  of  tiie 
cubical  system,  and  not  to  forms  belonging  to  the  other  systems. 

Some  one  form  may  be  taken  as  the  type  or  primitive  form,  flrom  which  all 
others  of  the  same  system  may  be  easily  derived.  This  typical  or  primitive  form 
is  quite  arbitrary ;  and  it  may  be  either  a  prism,  an  octahedron,  or  some  other  simple 
form. 

Ist  system. — ^The  cubieal,  or  octahedral ;  according  as  wc  consider  the  reguUr  cube 
or  regular  octahedron  its  tjrpioal  or  primitive  formi. 

2nd  system. — Square,  prismatic,  or  pyxamidsL  Typical  fonn,  a  priam  on  a  sqiure 
basO)  or  octahedron  on  a  square  base. 

3rd  system. — Bhombohedral,  or  hexagonal.  Typical  form;  the  rhomboid  or  the  hexa- 
gonal piism. 

4th  system.— Prismatic,  or  rhombic.  Typical  form,  a  right  prism  on  a  rhombic 
base,  or  octahedron  on  a  rhombic  base. 

6th  systeoL — Oblique.    Typical  form,  a&  oUique  prissi  on  a   riiomhio  bne,  or 
oblique  pyramid  on  a  rhombic  base. 

6th  system. — ^Anorthic,  or  doubly  oblique.  Typical  form,  a  doubly  oblique  prism  or 
octahedron. 


FIEST  STSTEK.— THE  CUBICAL. 

This  system  is  ealled  the  cubical  or  ieaseral  {tesaera,  a  cube),  if  its  fhrms  are  re- 
garded as  derived  from  the  cube ;  the  octahedral^  if  its  forms  are  derived  from  the  regular 
octahedron.    It  is  also  called  tho  regular  or  iaometricaly  from  1^  ptopertiea  of  its  «aea. 

The  axes  of  this  system  wUl  be  described  imder  tbe  Cube. 

The  hokhedral  forms  of  this  system,  or  those  forms  which  possess  the  highest 
degree  of  symmetry,  aic  the  cubc^  octahedron^  rhombie,  dodecahedron,  three-faced 
octahedron^  tueiUy-four-faced  trapexohedrony  four-faced  cube,  and  the  six-faced  octa- 
hedron. 

From  each  of  these,  with  the  exception  of  tho  cube  and  rhombic  dodecahedron, 
other  fbrms  axe  produced  by  the  development  of  half  their  facee ;  these  arc  called  hemi^ 
Itedral. 

The  hemihedral  form'of  the  octahedron  is  the  tetraliedron ;  that  of  the  three-faced 
octahedron^  the  tweke-faced-trapesohedron  ;  that  of  the  twenty-four»&ced  trapezobedron, 
the  three^faced-tetrckhedron  \  and  that  of  the  four-faced  cube  the  pentagonal  ffrdecaha 
dron.  The  six-faced  octahedron  has  two  hemihedral  forms ;  the  six-faced  tetrahedron 
and  a  twenty'four-faced  irapezohedron  having  two  aides  of  its  trapezoidal  face  paxallel. 
Of  these,  two^the  pentagonal  dodecahedron  and  the  hemihedral  iwenty-four-faeed-  tra^ 
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pezohedron—have  their  faces  parallel  to  one  another,  in  pairs,  and  are  called  hemihe- 

dralform  mlh  parallel  faces. 

The  other  hemihedral  forms  are  called  hemihedrai  forms  with  inclined  faees. 

The  Cube. — ^The  cube  or  hexahedron  (six-faced),  is  a  solid  bounded  by  six  square 

faces ;  it  has  eight  solid  four-faced  angles,  A^  A^,  ^c,  A,  (Fig.  15),  and  twelve  edges, 

A|  Aj,  A,  A4,  &c.    Every  face  is  inclined  to  its  adjacent  faces  at  on  angle  of  90". 


Axes  of  the  Cube  and  the  Cubicul  System. 
Oubieal  Axee.-^lt  diagonala  be  drawn  tiirough  the  opposite  angles  of  the  faces 


Kg.  16. 


of  the  cube,  they  will  intersect  one  another  in  the  centre  of  each  fiice. 
P41  P41  P,  (Fig.  16),  be  these  six  centres. 
Join  Pi  P«  Pj  P4,  and  P,  P.. 

These  three  lines  will  intersect  one  another  in  the  point  C.    They  are  called  the 
regular  or  rectangular  axes  of  the  cubical  system. 

BedLoning  from  C,  which  is  the  centre  of  the  cube,  each  of  the  six  lines,  CPi  CP,, 

&C.,  CPc  arc  equal  to  each  other,  and^they  are  eaoh  perpendicular  to  a  feuie  of  the  cube 

I  at  the  point  P,  and  the  adjacent  ones  are  inclined 

to  eaoh  other  at  an  angle  of  90°. 

Octahedral  Axe*.  —  If  lines  be  drawn  from 
one  solid  angle  of  the  cube  to  the  soUd  angle 
opposite  to  it,  wo  shall  then  have  four  lines,  A^ 
A„  A,  Ag,  A,  A5,  and  A4  A«  (Fig.  17),  intersecting 
one  another  at  the  same  point,  C,  as  the  cubical 
axes.  These  lizLes  are  all  equal,  and  inclined  to 
one  another  at  an  angle  of  70^  32^. 

The  eight  lines  CA^  CA^,  &c,  OAg,  are  each 

'^*  perpendicular  to  a  face  of  the  octahedron  inscribed 

in  the  cube.     They  aro  therefore  called  the  acta- 

pjy  ^-  hedral  axes.      If  C  P,  or  C  P,  be  taken  as  the 


unit^  CA,  CA„  &c,  will  each  be  equal  to  \/ti. 
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RJiombie  Axes^Let  Bj  B,  B»,  &c.,  B,,,  be  the  centres  of  each  of  the  twehe  edges 
Bs  of  the  cube.   Join  B^  B^i,  Bo  B^,,  &c.    These  six 

lines  will  intersect  one  another  in  C,  the  centre  of 
the  cube.  Each  of  the  lines  CBi  CB,,  &c.,  CB,„ 
are  equal  to  one  another,  and  perpendicular  to 
a  £ice  of  the  rhombic  dodecahedron  inscribed 
in  the  cube.       They  are  called  the  rhombic 

Bg| ^  y7^\\r^Bj  ^^-^i  «^d  the  adjacent  ones  are  inclined  to  each 

other  at  an  angle  of  60°.  Talcing  CPj,  the 
cubical  axis  as  =  1,  CB|,  CB,,  &c.,  each  =:t/2. 
Voimals.— A  line  drawn  through  a  given 
point  perpendicular  to  the  face  of  a  ciystallinc 
form,  is  called  a  normal  to  that  face  from  the 
given  point.  Thus  tlie  cubical  axes  are  nor- 
mals to  the  faces  of  the  cube  from  the  point  C,  and  the  octahedral  and  rhombic  axes 
are  normals  to  the  faces  of  the  octahedron  and  rhombic  dodecahedron  from  the  some  point. 
To  draw  a  Culfe, — The  perspective  used  in  drawing  crystals  is  called  isome- 
trical.  In  this,  the  Lines  which  in  the  ordinary  system  of  perspective  are  dra^Ti 
converging  to  a  point,  are  drawn  parallel  to  one  another.  It  is  the  most  convenient 
method  for  representing  geometrical  solids. 

Describe  a  squaie,  Aj  A5  Ag  A4  (as  at  Figs.  2  and  15),  of  any  convenient  size. 
Draw  the  line  A^  A,,  at  an  anglo  of  about  30"  to  the  line  A^  A4.  Then,  through 
A4  A^  and  A,  draw  Ai  A3,  A^  A^,  and  A,  A.  parallel  to  Ai  A^.  Make  Aj  A^  A4  A^,  A,  A,) 
and  A«  A,  each  half  the  length  of  one  of  the  sides  of  the  square  Aj  A5  A4  Ag. 
Join  A,  A3,  A,  Ag,  A,  Ag,  A3  Ay,  and  the  representation  is  completed. 
CryataUographieal  Symbol  for  the  Cube. —  The  relations  of  the  faces  of  the  cube 
to  its  rectanfftdar  or  cubical  axWy  affords  a  ready  means  for  adopting  a  symbol  which 
shall  express  some  of  its  properties.  It  will  be  readily  seen  that  every  face  cuts 
one  of  the  cubical  axes,  and  is  parallel  to  the  directions  of  tlie  other  two.  A  line,  or 
plane,  which  is  parallel  to  another  line  or  plane,  is  said,  in  mathematical  language,  to 
cut  it  at  an  infinite  distance,  and  as  00  is  the  symbol  for  infinity,  regarding  CP,  the 
perpendicular  distance  of  the  cube  from  its  centre  as  the  unit,  the  symbol  1,  ao^  oo  sig- 
nifies that  every  face  of  the  cube  cuts  one  of  the  axes  at  distance  1  from  its  centre,  and 
the  other  two  axes  at  an  infinite  distance.  Nafhnann's  symbol  for  the  cube  is  00  0  00 , 
Miller's,  100,  and  Brooke  and  Levy's  modification  of  Haiiy,  P. 

Generally  in  Naumann's  symbols  the  figures  represent  the  distances  at  which  the 
faces  of  the  form  cut  the  rectangular  axes,  the  figure  1  being  always  understood.  In 
Miller's  they  signify  the  parts  of  some  arbitrary  unit,  at  which  the  faces  cut  the  axes. 
In  Brooke  and  Levy's,  ^  indicates  that  every  plane  is  parallel  to  an  edge  of  the  cube, 
m  being  the  ratio  which  the  two  edges  out  by  the  plane  bear  to  one  another ;  a"*  and 
i^bkV  represent  that  the  planes  are  parallel  to  one  cutting  off  a  solid  angle  of  the  cube 
the  figures  m,  ^  A;,  and  /,  indicating  the  ratios  of  the  cut  edges  of  the  solid  angle. 

Net  for  the  Cube. — ^One  of  the  simplest,  most  useful,  and  at  the  same  time  most 
inexpensive  means  of  modelling  the  forms  of  crystals,  is  to  draw  their  faces  on  paste- 
board, and  arrange  them  in  such  a  manner  that  some  of  the  edges  being  cut  partially, 
and  others  quite  through  the  pasteboard,  the  whole  may  readily  fold  up  into  the  required 
form.    The  loose  edges  being  glued  together,  a  firm  model  will  be  formed  in  a  few 
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Diinntes.    A  drawing  of  the  faces  of  a  solid,  arranged  bo  that  the  model  may  bo  folded 
up  from  a  smgle  piece  of  pasteboard,  is  called  a  net. 

To  make  a  net  for  the  cube,  describe  a  square 
equal  to  a  face  of  the  required  model,  and  arrange  six 
such  squares  in  the  manner  represented  in  Fig.  19. 
If  a  knife  be  drawn  so  as  to  cut  the  pasteboard 
half  through  along  the  light  lines,  and  quite 
through  along  the  dark  ones,  the  figure  will  readily 
fold  into  the  form  of  the  cube. 

In  this  and  the  other  nets  which  will  be  de- 
scribed, it  is  very  convenient  to  draw  one  face  on 
tracing  paper.  The  other  faces  may  then  be 
readily  pricked  off  from  this  one  on  the  pasteboard, 
in  the  required  form,  with  greater  ease,  and  eren 
more  accurately  than  by  describing  each  face 
geometrically.  It  will  also  be  found  convenient 
to  leave  a  margin  to  one  edge  where  two  edges  arc 
to  be  glued  together.  Glue  is  better  than  paste, 
as  it  dries  more  quickly,  and  does  not,  like  paste 
or  gum,  warp  the  surfaces  of  the  model.  ^»ff-  J^* 

JiineraU  wliMt  erystdU  occur  m  the  form  of  the  eitbe,  or  presenty  in  tJulr  modi/u'atlouSy 
facet  parallel  to  it : — 


Atebandino  fsulpharet  of  man- 

Oohnite(atttomaUte}. 

ganeae). 

Galena  (sulphuret  of  lead). 

iron). 

Aluite(teUorideoflcad]. 

Garnet. 

Platinum. 

Alum. 

Geradorfflte. 

Pyrite  (sulphuret  of  iron). 
Pyrochlore. 

Amalgam. 
Analdme. 

Gold. 

Granauite  (ralphnret  of  nickel 

Argentite  (ralphnret  ofdlTeT}. 
Blende  (sulphuret  of  line 

and  bismuth). 

cal  nickel). 

Hauerite. 

Saf&orite  (arsenical  cobalt). 

BoTMite. 

Hauyne. 
Iridium. 

Botnite  (purple  copper). 

Salt. 

Bramiie. 

Iron. 

SilTer. 

CUtutluaite  (felentaretof  lead). 
Cobaltiae  (bright  white  eobalt). 

L>erine. 

Skutterudite. 

Kcrate  (muriate  of  silver). 

Smaltine  (tin  white  cobalt). 

^3SZ: 

Lerbaehite   (seleniuret  of  lead 

Bodalite. 

and  mercury). 
LlunMte  (sulphuret  of  cobalt). 

Stannine  (eulphuret  of  tin). 

Caprice  (red  oxide  of  copper). 

Steinmannite. 

Magnetite  (magnetic  iron  ore). 

Sylrine. 

EmboUte.' 

Tcnnantite. 

EnlTtine  (Irfnnntb  blcrdc). 
FaUerz  (gray  copper). 

Percy  lite. 

XJUroanito  (sulphuret  of  nickel 

Perlclose. 

and  antimonr). 

Floor. 

Perowskitc. 

Voltaite. 

Fiaaklinite. 

Petalte  (telluridc  of  sllrer). 

Mmerals  wltote  crystals  eUave  parallel  to  the  faces  of  the 

cube,— those  printed  in  italics 

indicating  that  tlie  cleavage  is  easy  and  perfect  .-^ 

OaUna, 

Pyrite. 

Altaite. 

Oendorffite. 

Pyrochlore. 

Analdne. 

Hauerite, 

Salt. 

Argentite. 

Iridium. 

Skutterudite. 

Ctaiomite. 

Iron. 

Smaltine. 

ClanethAlite. 

Lerbachlte. 

Spinelle. 

OohalOne. 

Lhm^ite. 

SUnnlne. 

Ctibane, 

UagnetUe, 

Steinmannite. 

EmboUte. 

Naumannite. 

Svltine. 

Frmnkhnite. 

PerieUue. 

T^lmtmHe. 

Oaknite, 

PeroTTskite. 
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Tbe   OctelMdxoiir—C^lled  the  regular  ectahedron^  to  distinguiah  it  from  other 


octahedrons,  whose  faces  are  not  equilateral  triangLea. 
This  form  is  bounded  by  eight  equal  and  similar  faccs» 
each  being  an  equilateral  triangle.  It  has  twelve  efuai 
edges,  Pj  Pj,  P,  P3,  &c.,  and  aix  four-factd  solid  anglesy  Pj 
P2  P,  P4  Pfl,  and  P«.  Each  face  is  indined  to  its  adja^ 
cent  face  at  an  angle  of  lOe"*  28/ 

To  draw  the  Octahedron — A  cube  being  described  as 
preyiously  directed — 

The  centre  of  each  face  Pj  P^,  &c.,  P«,  may  easily  bo 


found  by  joining  Aj  A,,  A^  A4,  &c.    Join  P,  P^  P.^  P^, 


and  P3  P5,  meeting  in  €.  These  are  the  cubical 
the  cube.  Join  Pj  Pj,  Pi  P3,  Pj  P^,  Pj  P„  P^  ] 
and  an  octahedron,  P^  P,,  &c.,  P«,  will  be  deli- 
neated inscribed  in  the  cube ;  or  two  equal  lines, 
Pi  P„  and  Pj  P4  may  be  drawn  perpendicular 
to  one  another,  and  intersecting  each  other  in 
their  centre  C ;  draw  GP3,  making  an  angle  of 
30'  with  CPj,  produce  CP3  to  CV^,  and  make 
CP3,  CPf,  each  half  of  CP, ;  and  join  the  points 
Pi  P„  &c.,  as  before. 

Selations  of  i7ie  Octahedron  to  the  different 
Axes  of  the  Cube. — ^From  the  preyious  figure  it 
is  evident  that  the  cubical  axes  join  the  opposite 
solid  angles  of  the  octahedron. 

Let  Pi  P2  P5  (Fig.  22),  be  one  of  the  faces  of 


Fig.  20. 
&C.,  aa  shown  in  Fig.   21, 


Pig.  21. 


^^^ 


the  octahedron.     Bisect  Pi  Po,  P,  Ps)  and  Pi  Ps  in  Ei,  B»  and  R^. 
and  P4  Ri. 

These  lines  will  intersect  in  Oi,  and  each  of  the  lines  RO  will 
be  one-third  of  the  line  PR. 

Suppose  every  face  of  the  octahedron  similarly  divided,  as 
shown  in  Fig.  23. 

If  now  the  octahedral  axes  Ai  A.,  A^  A,,  &c.,  be  drawn,  join- 
ing the  opposite  solid  angles  of  the  cube,  as  in  Fig.  17,  each  octa- 
hedral axis  will  pass  through  the  face  of  the  octahedron  inscribed 
in  the  cube  at  the  point  0  (Fig.  23),  and  will  be 
perpendicular  to  it.     The  distance  of  0,  from  the 
centre  of  the  cube,  will  be  one-third  of  that  of 
A ;  so  that  the  octahedral  axes  of  the  octahedron 
will  be  a  third  of  the  octahedral  axes  of  the  cube 
in  which  it  is  inscribed. 

The  rhombic  axes  of  the  cube  being  drawn  by 
joining  the  centres  of  its  opposite  edges,  as  in  Fig. 
18,  these  axes  will  paiss  through  the  centre  of  each 
edge  of  the  octahedron,  asRi  R4  and  R5  (Fig.  23). 
The  distance  of  R,  from  the  centre  of  the  cube,  will 
boone-half  of  thatof  B.  Hence  the  rhombic  axes  Fig.  23. 

of  the  octahedron  will  be  one-half  of  the  rhombic  axes  of  the  cube  in  which  it  is  inscribed. 


^IxL 

^^5^ 

1          .Z^"^/    1  xjt^- 

J^V^ 
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Fig.  24. 


SymM$,^-EB^  face  of  the  octahedron  cuts  the  t^irae  cahinl  4atcs  at  an  o^ial 
distance  GP  from  the  centre  of  the  cnhe,  and  taldng  CP  as  unitf, 
111  -will  be  the  symbol  which  expresses  this  relation  of  the  faces 
of  the  octahedron  to  the  cubical  axes.  Naumann's  symbol  fbr 
the  octahedron  is  0,  Miller's  111,  and  Brooke  and  Levy's  modifica- 
tion of  Haiiy  A*  or  a}. 

To  deicribe  a  NU  for  the  OetaJudrm. — If  a  model  of  a  onbc 
be  formed  by  glueing  the  edges  of  six  square  pieces  of  glass,  the 
different  fonns  of  the  cubical  system  may  be  modelled  of  such  a 
size  as  to  be  inscribed  in  the  cube  in  ths  mannsr  represented  in  their  respective  figures. 

Describe  a  square  P^  B^  P,  0  (Fig.  24),  haying  its  side 
Pj  Bi  equal  to  half  the  edge  of  the  cube  in  which  the  model 
of  the  octahedron  is  to  be  inscribed. 

Braw  the  diagonals  P^  V^  and  B^  C  ;  on  either  of  these 
diagonals^  as  a  base,  describe  an  equilateral  triangle  (Fig.  22), 
and  arrange  eight  sueh  equilateral  triangles,  as  in  Fig.  25. 
When  this  net  is  cut  out  along  the  dark  lines,  and  par-^ 
tially  along  the  lighter  lines,  it  will  fold  up  into  an  octahe- 
dron, whose  solid  angloa  will  just  touch  the  centres  of  the 
faces  of  a  cube  the  edge  of  which  is  tn-icc  the  length  of  the  line 
PB.  In  this  and  the  following  forms,  the  fkce  of  the  crystal 
is  described  of  sitoh  a  size  that  the  model  may  be  inscribed 
in  a  cube  whose  edge  is  one  inch  in  length.  The  faces  on  the 
net  are  only  made  half  the  sizo» 


Flg.JS. 


Minerals  whote  cryetah  occur  in  the  form  of  the  (ktahedron^ 

*  faces  par dUel  toit:—^ 

Geradorfllte. 

Oeso. 

OrQnanlte  (aulphurtt  of  nickel 

•ad  bismuth). 
Haueritc. 
Hauyne. 
HeWin. 
Iridium. 
Irite. 
Iron. 
Iserine. 

Kerate  (muriate  of  allvcri. 
ttad. 

LinnMto  (mlphoret  of  eobalt). 
Magnetite  (magnetic  iion  ore). 
Mercury. 
Fallailiam. 

Pechuran  (pitch  blende}. 
Peroylitc. 
PerieUise. 
PeroWBkite. 
Pharmacoaidcritc    (arscniato  of 

iron). 


AlAbondine  (ralpharet  of  man- 
ganese). 
Alum. 
Amalgam. 

Argentite  (anlphnret  of  silTer). 
Arqnerito. 

Araemte  (oxide  of  arMnic). 
Blende  (sulphuret  of  sine). 
Boracite. 

Bomite  (purple  copper). 
Bromite. 

Chromite  (chromate  of  iron). 
Cobaltine  (bright  white  cobalt). 
Copper. 

Cuprite  (red  oxide  of  copper). 
Diamond. 
Kiaennickclkies. 
Embolite. 

EuWtine  (bismuth  blemlc). 
Fahlerz  (grrayeopper). 


Floor. 
Frankllnite. 
Oabnite  (automalltcl 
Galena  (sulphuret  of 


or  iohose  fMdifications  present 


Pyrite  (sulphuret  of  iron). 
PycoohioTe.  • 

Bammelsbergito  (white  orseni. 

oal  nlekd). 
Rhodizite. 

Bafflorite  (arsenical  oobolt). 
Sal  ammoniac. 
Salt. 

Senarmontite. 
Sihrer. 

Skuttcrudite. 

Smaltinc  (tin  white  cobalt). 
Spinelle. 
SteinmMinlte. 
Sylvine. 
Tennantite. 
Trltonite. 
Ullmanite  (sulphur ct  of  nickel 

and  antimony). 
Uwarrowiie. 
Voltaitc. 


lead}. 
Minerals  icJtose  crystals  cleave  parallel  to  the  faces  of  the  Octahedron  :— 

Alum.  JHamvnd.  Granauite. 

Arsenfte.  Cisennlckelkle^.  Magnetite. 


Boracite. 
Bomite. 
Chromite. 
Cuprite. 


JHamvnd. 

Cisennlckelk!e5. 

Fahlwx. 

Fluor 

FranUinfte. 

Gakaite. 


Sal  ammoniac. 
Senarmontite. 
Smaitlae. 
SpineUe. 
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-The  rhombic  dodecahedron  is  a  aolid,  bounded  by 
twelve  equal  and  similar  four-sided  fignrea,  called  rhomb$. 
A  rAomlt  is  a  figure  such  as  Oi  P,  0«  P5  (Fig.  26),  which 
has  all  its  sides  equal,  the  angle  at  Oi  being  equal  to  that 
at  O3,  and  that  at  P,  to  the  angle  at  P..  This  form  is 
sometimes  called  the  ffranatoedron,  because  it  is  a  cha- 
racteristic form  of  the  garnet.  The  rhombic  dodecahe* 
dron  has  twenty-four  equal  edgti,  P,  Oi,  Pi  O4,  &c.,  nx 
four-faced  tolid  angles.  Pi  Pj,  &c.,  P^,  and  eight  three, 
faced  solid  atiglesy  Oj  0»  &c.,  0,.  Each  fiiK^e  is  inclined  to 
its  adjacent  faces  at  an  angle  of  160" ;  the  great  angle  of 
the  rhombic  face  as  Pg  Oj  P^,  is  109''  28',  and  the  smaller 
angle,  as  0,  P,  0.,  is  70*  32'. 

To  draw  the  Rhomhie  JDodeeahedron.-^De- 
scribe  a  cube  Ai  A,  A,  &c.,  Ag,  (Fig.  27). 
Join  A|  A7,  A,  Ag,  &c.,  meeting  in  C. 

Find  P|  the  centre  of  the  face  A|  A,  Ag  A4. 
Join  CP,  and  Pi  Aj. 

Bisect  Ai  B«  in  £.  Through  E  draw  ED 
parallel  to  Pi  Ai,  and  cutting  CAi  in  0|. 

Through  Oj  draw  Oj  Of  parallel  to  A|  A^ 
cutting  CA3  in  Oj,  0,  0,  parallel  to  A,  A„  and 
0,  O4  parallel  to  A,  A4. 

Alflo,  through  0^  draw  0^  Og  parallel  to 
Ai  A«,  cutting  CA«  in  O5 ;  draw  0^  0^,  O,  0;, 
and  O7  Og  parallel  to  A^  A,,  A,  A„  and  Ay  Ag. 

Oi  0,  &c.   0„  will   be   the  eight  solid 
angles  of  a  cube  inserted  in  the  cube  Aj  Aj  &c.  A„  with  the  same  centre,  and  having 
its  edges  half  the  length  of  the  edges  of  A|  A,  &c.  Ag. 

Pi  P3,  &c.,  P,  (Fig.  28,  which  are  not  marked 
on  Fig.  27,  to  avoid  crowding  the  figure),  will 
be  the  six  points  where  the  six  four-fiMed  solid 
angles  of  the  rhombic  dodecahedron,  inscribed  in 
the  cube  A^  A^  &c.,  Ag,  will  touch  its  faces. 

Oi  O3,  &c.,  Og,  the  eight  points  where  the 
octahedral  axes  of  the  cube  pass  through  the 
eight  three-faced  solid  angles  of  the  inscribed 
rhombic  dodecahedron. 

Joining  the  lines  Pi  0„  0^  P„  0|  Pg,  &c., 
as  shown  in  Fig.  29,  the  rhombic  dodecahedron 
will  be  represented  in  perspective. 

If  the  opposite  angles  of  each  face  be  joined) 
such  as  Oi  0},  Pj  P,,  the  rhombic  axes  of  the  cube  wiU  be  found  to  pass  through  the 
intersection  of  these  lines,  and  will  also  be  perpendicular  to  the  face  through  whidi 
they  pass.  The  cubical  axes  of  the  rhombic  dodecahedron  are  equal  to  the  cubical 
axes  of  the  cube,  and  join  the  opposite  four-faced  solid  angles. 

The  octahedral  axes  of  the  rhombfc  dodecahedron  are  one-half  the  octahedral  axes 
of  the  cube,  and  join  the  opposite  throe-faced  solid  angles. 


Fig.  V' 


'*\ 
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The  riiombio  axes  are  half  the  rhombic  axes  of  the  cube  in  which  it  is  iiuciibed, 

a&d  join  the  centres  of  the  opposite  faces. 

Symhola  of  the  Rhombic  Dodecahedron. — ^Each  face  of  the  rhombic  dodecahedron  cuts 

two  of  the  cubical  axes  at  equal  distances  ftom  its  centre,  and  the  other  at  an  infinite 

distance,  or  ia  parallel  to  it.      Thus  the  face,  Pj  Oj  Pg  0,  cuts  the  axis  CPj  in  P^,  and 

CPj  in  P2,  and  is  parallel  to  the  axis  CP5.    The  symbol  of  the  rhombic  dodecahedron, 

which  represents  this  relation  of  all  it  faces  to  the  rectangular  axes,  is  11  oo .    Nau- 

mann*s  symbol  is  oo  0,  Miller's  110,  and  Brooke  and  Levy's  modification  of  IlaUy,  B* 

or6\ 

To  describe  t?te  net  of  a  Rhombic  Dodeea^dron  which  may  be  inecribed  in  a  given  cube. 

— ^Describe  a  square,  Pj  Bj  PjC,  having  its  side  equal 

to  half  the  edge  of  the  given  cube.    Join  Bj  C,  and 

Pi  P2  meeting  in  R^.    Ph>duce  Bj  P^  to  A^,  and  P,  C 

to  B«.     Make  Pj  A^,  and  CB5,  equal  to  GB^,  and  C£s 

equal  to  CBj. 

Join  CAj.    Bisect  Aj  B^  in  £.    Through  £  draw 

£0|D  parallel  to  A,  P^,  cutting  A^C  in  0^.    Join 

Pi  0„  Oi  B,. 

Pi  Ai  B5O  represents  the  £9urth  part  of  the  section 

of  the  cube,  with  its  inscribed  rhombic  dodecahedron,  through  the  lines  Aj  A,  A,  A^  (Fig. 

28),  and  Pj  B^  P^G,  the  fourth  part  of  the  section,  through  the  lines  joining  the  points 

Bi  B,  Bii  B,  (Fig.  18)  of  the  cube. 

To  describe  the  face  of  the  Rhombic  Lodeeahedron.'-BnM  a  line,  Pt  P,  (Fig.  30), 
equal  P,  P«  of  Fig.  29.  On  it  describe  an  isosceles  triangle, 
having  its  sides  P|  Oj,  P,  Oj,  equal  Pj  Oj  of  Fig.  29.  Make 
a  similar  triangle  P^,  0,  P9 
on  the  other  side  of  Pi  P^. 
Then  Pj  O,  P,  O,  is  the 
&ce  of  the  rhombic  dodeca- 
hedron, which  may  be  in. 
scribed  in  a  cube  whose  edge 

is  twice  the  length  of  Pi  Bi,  or  P,  C  of  Fig.  29. 

Twelve  of  these  rhombs,  arranged  as  in  Fig.  31, 

will  give  the  required  net  of  the  rhombic  dodeca- 
hedron. 

Fig.  91. 


MintraU  whtm  crfataU  occur  in  the  form  of  the  rhombic  dodecahedron^  or  whose  modi- 
Jlotttiom  jmicnt  faceo  parallel  toU>^ 


ALibandine  (•olphata  of  magne-   Boralte  {purple  oopper) . 

Caprits  (rtd  ozids  of  copper). 


Alam. 
Amalgam. 

ArgentiM  fsulphnivt  of  iHtot). 
iMonde  (sulphuret  of  sine  ) 
B^raeite. 


Diamotad. 

Dttfrenojtlte. 

EnlTtlns  (blamuth  blende). 

F;.blers  (gray  copper). 

Fluor. 


FrtnkUnite. 

Galena  (lulphiiret  of  lead.) 

Garnet. 

Gold. 

Haoerite. 

Hauvne. 

Iserlne. 
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Ittncrite. 

Kerate  (muriate  of  silver). 

I.«ucite. 

Magnetite  (magnetio  iron  ore). 

Percy  lite. 

Perowskite. 

Pharmaooaiderite. 

Pyrite  (sulphuret  of  iron). 


Pyrochlore. 

Bammelsbergite  (white  arsen- 
ical nickel). 
Rhodizite. 
Sal  ammoniac. 
Salt. 
Silver. 
Skutteradite. 


Smaltine  (tin  white  eobtUt). 

Sodalite: 

Spinelle. 

Stannine  (solphoret  of  tin). 

Tennantite. 

UUmanite  (sulphuret  of  nickel 

and  antiaiony.) 
Voltaite. 


Minerals  whose  cryaials  cleave  parallel  to  the  faces  of  tlu  rlunnhie  dodecahedron  : — 


Alabandine. 

Amalgam. 

Argentite. 

Blende. 

Eulytine. 


Garnet. 

Hauyne. 

Ittnerite. 

Leueite. 

Skutteradite. 


Smaltine. 
Sodalite. 
Stannine. 
Tennantite. 


The  cube,  octahedron,  and  rhombic  dodecahedron,  are  th6  only  fonns  parallel  to 
wbich  cleavages  have  been  observed  in  crystals  belonging  to  the  cubical  system. 

Three-Faced  Octahedron.— This  figure,  called  also  HhQ.triakmetahedroH,  and 
by  Haidinger,  gaiewnd,  as  a  characteristic  form  of  galena^ 
is  a  solid  bounded  by  twenty-four  isosceles  triangles. 

Solid  Angles. — It  has  six  eight-faced  solid  angles. 
Pi  P^  kc.y  Pe ;  and  eight  ihree^faced  solid  angles,  0^ 
O2,  &c.,  O,. 

Edges. — There  are  twelve  longer  edges  joiniDg  the 
eight-faced  solid  angles,  Pj  P5,  P,  Pj,  P5  P4,  &c.,  and  twenty- 
four  shorter  edges  joining  each  three-faoed  solid  angle  to 
three  of  the  eight-faced  solid  angles  0,  P5,  0,  Po, 
0,  P„  &c. 

An  infinite  number  of  varieties  of  this  solid  might 
Fi?"  •2.  pxigt .  only  seven  different  i^cies  have  been  observed  in 

the  mineral  kingdom.    The  forms  vary  from  that  of  tho  octahedron  to  the  rhombic 
dodecahedron. 

If  a  triangular  pyramid,  whose  base  is  an  equilateral  triangle,  and  each  of  its  faces 
an  isosceles  triangle,  be  applied  to  each  face  of  a  regular  octahedron,  the  resulting  form 
would  be  a  three-faced  octahedron.  For  every  variation  in  height  of  this  triangular 
pyramid  as  we  may  conceive  it  increasing  in  altitude,  &om  the  surface  of  the  octahe- 
dron till  it  arrived  at  such  a  height  that  two  adjacent  triangular  £u:ea,  such  as  P^  0| 
P5,  and  Pi  O4  P5,  should  lie  in  the  same  plane,  when  the  figure  would  become  a  rhom- 
bic dodecahedron,  we  should  have  a  distinct  three-faced  octahedron.  When  the  three- 
faced  octahedron  is  inscribed  in  the  cube,  the  eight-faced  solid  angles  touch  the  centre 
of  each  fsice  of  the  cube,  and  the  three-feu^d  solid  angles  always  lie  in  its  octahedral 
axes. 

Symbols  of  the  Three-faeed  OrteAe^^vn.— Every  face  of  this  solid  cots  two  of  the 
cubical  axes  passing  through  its  centre,  at  a  distanee  equal  to  that  of  its  eight- 
faced  solid  angle  from  the  centro,  and  the  third  axis  produced  at  a  greater  distance. 
If  the  shorter  distance  be  represented  by  1,  and  tho  greater  by  n,  where  n  may  be  any 
number  or  fraction  greater  than  1 ;  11«  will  be  the  symbol  for  the  three-faced  octahe- 
dron. 

Kaumann's  symbol  is  tiO;  MiOer^s  hhJiy  h  being  greater  than  k;  and  Brooke  and 

Levy's  modification  of  Hauy  A*  or  a*. 
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To  draw  the  Three-faced  Octahedron. — Let  the  figure  bo  that  whose  s3rmbol  is  11«. 
Describe  a  cube,  A,  Aj  A3  &c.,  A,  (Fig.  33).  Ixjt  P,  be  the  centre  of  the  face 
Aj  A,  A3  A4 ;   B5  the  centre   of   the  edge 

Ai  Aj.    Take  B,  E  equal  the      ^       th  part 

of  B4  Ai ;  that  is  if  n  =  2,  as  in  the  aeeom- 
panying  figure  (Fig.  33),  take  B^  E  =  |th 
of  B5  Aj.  Through  E  drair  E  D,  parallel 
to  Ai  Pi,  cutting  A,  C  in  Oi.  Through  Oj 
draw  0,  0^  parallel  to  A,  A.,  0^  O3  parallel 
to  A^  A„  &c.,  aa  in  the  preceding  figure  27. 

Oj  0,  O3  &c.,  Og  win  be  the  cube  whose 
centre  coincides  with  that  of  Aj  A^  &c.,  Ag, 


and  has  its  edge  Oj  0^  =- 


,th 


Fig.  83. 


2n  -H  1"^  P"* 
of  the  edge  Aj  A^,  Oj  0,,  &c.,  Oj  will  be  the 
points  where  the  octahedral  axes  pass  through  the  three-faced  solid  angles  of  the  three- 


faced  octahedron  inscribed  in  the  cube. 


edges. 


Fig.  84. 


JoiningTi  0„  P^  0„  P^  0^,  P^  P,,  &c.,  as  in  Fig. 
34,  the  three-feced-octahedron  will  be  drawn 
inscribed  in  the  cube. 

Axes.  —  The  cubical  axes  of  the  tliroc- 
faccd  octahedron  are  equal  to  those  of  the 
cube  in  which  it  is  inscribed,  and  they  join 
the  opposite  eight-faced  solid  angles. 

The  octahedral  axes  are  —^ — r,  th  part  of 
2n  -f-  1 

the  octahedral  axes  of  the  cube,  and  join  the 

opposite  three-faced  solid  angles ;  and,  as  in 

the  case  of  the  octahedron,  the  rhombic  axes 

are  the  half  of  the  rhombic  axes  of  the  cube, 

and  join  tlie  centres  of  the  opposite  longer 


Aa  n  varies  from  1  when  the  three-faced  octahedron  coincides  with  the  octahedron 
to  00  when  it  coincides  with  the  rhombic  dodecahedron,  the  octahedral  axes  vary  fix)m 
the  ^rd  to  the  ^  of  the  octahedral  axes  of  the  cube,  or  the  distance  of  the  point  0  from 
C  varies  fix)m  the  }rd  to  the  J  of  CA,. 

Inclination  of  the  Faces  of  the  Three-faced  Octahedron,^Jf  B  be  the  angle  of  inclina- 
tion of  any  two  adjacent  faces,  measured  across  the  longer  edge  PP,  then  cos.  6  — 

't!!— —  and  if  ^  bo  the  angle  of  two  adjacent  frices,  meaiured  acroaa  the  shorter  edge 
^  +  ^'       n(n±% 
0P,co8.^  2Sr+i 

To  dueribe  a  NH  for  the  Three-faced  Octahedron 
which  may  be  inseribed  in  a  given  eube^—Deeenbo  a 
•qnare,  P,  B,  P,  C  (Fig.  35),  haying  its  sides  eqnal  to 
half  the  edge  of  the  given  cube.  Join  Pi  P,,  and  Bi 
C  meeting  in  R,.  Prodnee  Bj  Pj  to  A„  and  P,  C  to 
B5 ;  make  Ai  Pi  and  B,  C  both  equal  to  Bj  C.     In 
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C  Bj  make  C  B,  cquxd  to  C  Bj,  join  Aj  C.    Take  CD  equal  to  — ^  th  part  of  CP^, 

It  ft  -^  1 

and  through  D  draw  DE,  parallel  to  A^Pi,  cutting  AjC  in  0,.    Join  PiOi,  OiB,. 

Take  Pi  Pj  (Fig.  36),  equal  Pi  Pj  of  Fig.  35,  and  on  it,  aa  a  base,  duacribe  an 
isosceles  triangle,  Pj  Oi  Pj  having  ita  sides  Pj  Oj,  P^,  0„ 
equal  to  Pj  Oj  of  Fig.  35. 

Pi  Oi  Pj  wiU  be  the  face  of  the  three-faced  octahedron, 
which  may  bo  inscribed  in  the  given  cube.      And  twenty- 
four  of  these  isosceles  triangles,  arranged  as  in  Fig.  37,  will 
***  form  a  net  from  which  its  model  may  be  conatructcd. 

JFbrww  of  three-faced  Octahedron, — The  three, 
faced  octahedron,  whoso  symbol  is  112,  2  0 
of  Naumann,  122  of  Miller,  and  a'  of  Brooke 
and  Lo\7',  has  its  cubical  axes  equal  those  of 
the  cube  in  which  it  is  inscribed,  its  octahcdi-al 
axes  the  ^th,  and  its  rhombic  axes  half  those 
of  the  cube.  Inclination  of  faces  over  shorter 
edge,  152='  44',  that  of  their  normah  2V  16' ; 
over  the  longer  edge,  141*  3',  that  of  their  nor-  ^'ig.  S7. 

nudfl,  38"  Sr. 

Thifolhwififf  minerals  present  facet  parallel  to  this  fonn : — 

Amalgam. 

Argentite. 

Blende. 

Caprite. 

Diamond. 

The  form  113,  3  0  of  Naumonn,  133  of  Miller,  and  a^  of  Brooke  and  Levy,  has  its  I 
octahedral  axis  equal  ^ths  of  those  of  the  cube  in  which  it  is  inscribed.  Inclination  of  : 
its  faces  over  shorter  edge,  142**  8',  that  of  their  normals  37°  52' ;  over  the  longer  edge  j 
Ids'*  28',  that  of  their  normals,  26°  32*.  Cuprite,  Fluor,  and  Galena,  are  the  only  mine-  < 
rals  which  present  faces  of  this  form.  { 

The  form  11|»  fO  of  Naumann,  233  of  Miller,  and  a«  of  Brooke  and  Levy,  has  ito  , 
octahedral  axes  equal  f  ths  of  those  of  the  cube  in  which  it  is  inscribed.  Inclination  of  ' 
faces  over  shorter  edge,  162°  40',  fliat  of  their  normals,  17°  20' ;  over  the  longer  edge,  I 
129''  31',  that  of  their  normals,  50°  29'. 

Faces  of  this  form  occur  in  Fahlerz  and  Garnet. 

The  form  114,  4  0  of  Naumann,  144  of  Miller,  and  ai  of  Brooke  and  Levy.  Octa-  ' 
hedral  axes  f  ths  of  those  of  the  cube.  Inclination  of  faces  over  shorter  edge,  136^  Z9 ',  ' 
their  normals,  43°  21' ;  over  longer  edge,  159°  57',  normals,  20°  3'.  I 

I  '  Faces  of  this  form  have  been  observed  in  crystals  of  Galena  and  Eerate.  i 

The  form  11},  }0  of  Naumann,  477  of  Miller,  and  at  of  Brooke  and  Levy,  has  iU 
octahedral  axis  equal  -^th  of  those  of  the  cube.    Inclination  of  fiaces  over  shorter  edge,  | 
15r  5',  normals,  22°  55' ;  over  longer  edge,  136°  00,  normals,  44"*.    Faoea  of  this  foim  ' 
have  been  observed  on  crystals  of  Galena. 

The  form  llf,  {0  of  Naumann,  455  of  Miller,  and  a^  of  Brooke  and  Levy,  has  its  i 
octahedral  axis  -^ths  of  those  of  the  cube.  Inclination  of  faces  over  shorter  edge,  170'  !'•  ' 
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normalB,  9"  59' ;  oyer  the  longer  edge  121'*  OCK,  normals,  59''  00'.    This  form  occm-s  in 
Galena. 

The  form  llf^  }{0  of  Namnann,  64, 6o,  65  of  Miller,  and  af|  of  Brooke  and  Levy, 
has  its  octahedral  axes  i^^  of  those  of  the  cube.  Inclination  of  Jfoces  over  shorter  edge, 
179*  17',  normals,  0**  43' ;  over  longer  edge,  110*  18',  normals,  69°  42'.  This  three- 
faced  octahedron  approximates  very  closely  to  the  octahedron,  and  has  only  been 
observed  on  some  crystals  of  Alum. 

The  Twenty-four  Taoed  TiapeBohedron.— This  form  ia  called  the  twenty- 
four-fieujed  trapezohedron,  or  doltohedron,  because  it  has  twenty-four  fSeujes,  each  of  the 
form  of  the  figure  called  a  deltoid  or  trapezium.  It  is  known  also  by  the  names  of  the 
icotitesutrahedron  ;  and  being  a  characteristic  crystal  of  the  mineral  leucite,  it  has  been 
called  Uueitoid. 

Faces. — ^This  form  is  bounded  by  twenty-four  equal  and  similar  deltoids,  or  trape- 
ziums, such  as  the  figure  P,  R4  0^  Rj,  which  has  the 
sides  Pi  E4  equal  P,  Rj,  and  R*  Oj  =  R^  0„  the  angle 
Pi  R4  0  =  angle  P,  R^  0^,  but  the  angle  R4  Pj  R^  not 
equal  to  the  angle  R4  0^  P^. 

Solid  Angles,— 'It  has  six  four-£Aced  solid  angles, 
Pi  P2,  &c.,  P«,  which  touch  the  centres  of  the  faces  of 
the  cube  in  which  it  is  inscribed,  at  the  extremities  of 
the  cubical  axes. 

Twelve  four-faced  solid  angles  R,  R„  ftc,  R^ji  which  ^ 

always  lie  in  the  rhombic  axes  of  the  cube  in  which  it  ^ 

is  inscribed.     Eight  three-faced  solid  angles,  Oj  0^,  Fig.  88. 

&c.,  Og,  which  iure  always  the  octahedral  axes  of  the  cube  in  which  it  is  inscribed. 

Edges, — ^The  edges  are  twenty-four  longer,  joining  the  four-faced  solid  angles,  which 
terminate  the  cubical  and  rhombic  axes,  such  as  P^  Rj,  P^  R,,  Pi  R,,  &c.,  and  twenty- 
four  shorter,  joining  the  four-faced  solid  angles  which  terminate  the  rhombic  axes  to  the 
three-fkoed  solid  angles  which  terminate  the  octahedral  axes,  as  Oi  R^,  0|  R4,  Oj  R5,  &c. 

Symbols, — ^Every  face  of  this  form  cuts  one  of 
the  cubical  axes  at  a  distance  from  its  centre, 
equal  GP,  and  the  other  two  axes  produced  at 
equal  distances  greater  than  CP. 

Taking  the  lesser  distance  as  1,  and  the  other 
two  as  m,  where  m  may  be  any  whole  number 
or  firaction  greater  than^unity,  the  sjonbol  which 
expresses  this  relation  of  the  fisK^s  to  the  cubical 
axes  will  be  Imm.  Naumann's  symbol  is  mOm ; 
Miller's  hhk^  h  being  less  than  k\  Brooke 
and  Levy's  modification  of  Haiiy,  A"*  or  a*"*, 
where  m  is  greater  than  1. 

To  Draw  the  ligure. — Describe  a  cube  Ai  A._„ 
Ac,  Ay  (Fig.  39),  with  its  cubical  axes  Cl'i,  CPgj&c.;  octahedral  axes  CAi,  CA^,  &c., 
and  rhombic  axes  CBj  CB,,  &c.,  CBj,. 

Take  E  in  B5  Ai,  so  that  B.  E  =:  —^  ^^h  part  of  B^  A, ;  and  G,  such  that  B^  G= 

^^thpartofB^Ai. 


Fig.  C9. 
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-^M 

t       / 

^ 

\SiS^ 

1^ 

J!t*.       tQL*// 

^'^^• 

!f        \ 

^^>^ 

Thui  if  «i=:  2B5E  =  |oriofB5  Ai,  and  B.  &  1=  f  ofB^  Ai,if  m  =  3^Bs  E 
=  f  of  B^Ai,  and  Bs  G  =:  I  of  B.  A^. 

In  CPi  take  CD  =  B^  E,  aid  CP  =  B^  G- 
Join  FG  and  DE,  the  latter  ontkng  GA^  in  Oj. 

Through  0)  draw  0^  0,  jyarallol  to  A^  A,, 
eutting  CA,  in  O,,  0,  A,  parallel  to  A,  A„  cut- 
ting CA3  in  0^  and  so  on  till  a  cube  Oj  O^,  &c., 
O9,  is  inicrlbed  in  the  cube  A^  A^  fto.,  At  'widl 
its  edgea  parallel  to  it 

Through  the  point  where  FG  outs  CA„  draw 
Usee  parallel  to  A,  A^  and  A^  A4  to  meet  CA,  and 
CA4,  and  complete  the  cube,  of  which  these  two 
linea  will  be  edgee. 

Lot  Rj  Rjy  ^^-y  ^129  ^  ^  p<»nt8  where  the  Fi^  40. 

lines  CB^,  CB^,  Sco.f  CB^,)  cut  the  edges  of  this  cube. 

Now  join  Uie  points  PR  and  0  as  shown  in  Fig.  40,  and  the  resulting  form  will  be 
a  representation  of  the  twenty-four-faced  trapezohedron  inscribed  in  a  cube. 

Axes, — The  cubical  axes  of  this  trapesohodron  coincide  with  those  of  the  cube  in 
which  it  is  inscribed,  and  join  the  opposite  fom^&ced  solid  angles,  P^  P3,  &c.,  P^.  The 

octahedral  axes  are  the  ^th  part  of  those  of  the  cube,  and  join  the  opposite  three- 

faced  angles  Oj  0.>,  &c.,  Oj. 

The  rhombic  axes  are  the       .     th  part  of  those  of  the  cube,  and  join  the  opposite 

four-faced  angles  R^  Rj,  &c.,  R^j. 

Inclination  of  Adjaetnt  FacM — If  $  be  the  angle  of*  inclination  of  two  adjacent  faces, 
measured  over  the  edge  PR,  joining  the  extremities  of  the    rhombic   and  cubical 

axes,  cos.  0  =:    ^  .   ^  1  and  if  ^  be  the  angle  of  inclination  measured  over  the  edge 

OR,  joining  the  extremities  of  the  rhombic  and  octahedral  axes,  cos.  <(>  =      ,  j.     ■  • 

Limits  of  the  Form. — This  form  varies  as  m  increases^^  finom  1  to  an  infinitely  great 
number,  from  that  of  the  octahedron  to  that  of  the  cube.  In  this  case  9  increases 
from  109"  2S'  to  180*',  and  tp  decreases  from  180**  to  90** ;  the  octahed^ral  axes  fh)m  the 
}rd  to  the  whole,  and  the  rhombic  from  the  \  to  the  whole  of  t2he  corresponding  axes 
of  the  cube,  in  which  the  figure  can  be  inscribed. 

To  construct  a  Net  of  twenty -four -faced  Trapezohedron^  which  can  be  inscribed  in  a  given 
Cube. — Describe  a  square  Pj  B^  P2  C  (Fig.  41),  having  one  of  its  sides  equal  half  the 
edge  of  the  given  cube.    Join  CBi,  produce  P^  C,         A^  p^^  B^ 

and  Bi  Pj  to  B^  and  A^.  ""'■ 

Make  CB^  and  P^  Aj  equal  CBi.    Join  Ai  B^ 


m  +  l 


and  CAi     Take  CD  = 

Draw  DE  and  FG  parallel  to  A^  B^. 


m  -f-l 


„^^/ 

^v 

•  7N 

V\ 

^S 


Bg  C 

Fig.  41. 


Digitized  by  VjOOQ  IC 


TWENTT-FOUB-PACED  TRAPEZOHBDRON.  307 

Let  0^  be  the  poiat  wliere  ED  cuts  Ai  %  and  Rj  Ae  point  where  FG  outs 

>v  TBke  CBa  ift  CB^  equal  to  CBi.    Join  Pi  B,,  Bi  Pj,  Pj  Oj  and 

>^    \        Oi  Bfl. 

*Ss,^    /*         Draw  a  fine  Pi  Oi  (Fig. 

^S/ ,        42),  eqnal  Pj  Oj  of  Fig. 

^  41,  and  on  it  describe  a 

•  Tig,  43.         triangle  baring  its  sides 

Pj  Bj  and  0,  Bj  equal  to  Pj  Bi,  and  0,  B^ 

of  Fig.  41.    Describe  a  similar  and  eqnal 

tricngle  if^  B4O1  on  the  other  side  of  Pj  O^. 

Then  Pj  Bj  Oj  B4  will  be  a  face  of  the  ^  ^ 

reqiiind  twenty-four,  faced  trapezohedron; 
and  twenty-four  of  these  being  arranged  as  in  Fig.  43,  will  form  the  net. 

Torms  of  the  Tumty-fottr  faced  Trapesohedron.— The  form  122,  2  O  2  of  N« 
112  of  MiUer,  and  a^  of  Brooke  and  Leyy,  has  its  octahedral  axes  ^,  and  its  ihombic 
axes  j-  of  the  corresponding  axes  of  the  cube  in  which  it  can  be  inscribed.  Inclination 
of  &oes  over  any  edge  PB,  131^  49^,  of  their  normals  43°  11';  oyer  any  edge  OB 
148"  2T,  normals  33°  33'. 

Cfrpitah  of  the  foOotciftg  mineniie  have  faees  puraSM  to  thu  farm  :— 

Amalgam. 

Arfeatite. 

Analdme. 

Bonclte. 

Cuprite. 

DoftvnoTsite. 

BalytliM. 

The  form  133,  3  0  3  of  Namnann,  113  of  Miller,  and  «*  of  Brooke  and  Levy,  has  its 

octahedral  axes  |,  and  rhombic  }  of  those  of  the  cube.    Inclination  oyer  PB  144"  M' 

nonnal8»  35°  6' ;  over  OB  129°  31',  normals  5(f  TST,    It  oeears  in 

Btonde.  Gold.  Perowakite. 

Copper.  Galena.  Pyroehlora. 

Pahlers.  Magnetite.  Spindle. 

Ploor.  Pyrite. 

The  form  If},  f  0  f ,  of  Naumann,  223  of  Miller,  and  c^  of  Brooke  and  Levy; 
octahedral  axes  ^  rhombic  f .  Inclination  oyer  PB  121°  58',  normals  58°  2* ;  oyer  OB 
180°  15'^  nonnals  19°  45'.    It  occurs  in 

Argeatite,  Gold,  and  TsBnantite. 

Tbe  fonn  1 1  i,  1 0  ^  Naumann.  334  Miller,  and  tA  Brooke  and  Leyy,  octahedral 
axes  §,  rhombic  ^.  IncUnation  oyer  PB  118*  4',  normals  81°  50^,  oyer  OB  188°  4', 
narmals  13°  58'.    Occurs  in  Galena. 

The  form  1  )  ),  f  0  f  Naumann,  449  Miller,  and  <A  Brooke  and  Leyy,  octahedral 
axes  ^  rhombic  ^,  Inclination  oyer  PE 1  ST  4y,  normals  44°  12*,  oyer  OB  141°  9', 
nconnals  88°  6V,  i  Occurs  in  Perowakite. 

The  form  1  f  f,  f  0  f  Naumann,  338  Miller,  a%  Brooke  and  Leyy^,  oetahednl 
axes  ^,  rhombic  -ff.  Inclination  oyer  PB  141°  18',  nonnals  38°  42' ;  oyer  OB  134°  2', 
nonuds  45°  58'.    Oecvrs  in  Fluor. 

The  forms  144, 1  10  10,  1  12  12, 1  18  18,  and  1 40  40^  wk»e  octahedral  axes  are 
n^eetiyely  f  i»  |y  f  and  {f .  of  those  of  the  cube  in  which  they  are  inscribed,  and 
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rhombic  axes  the  |,  |^,  |f ,  \^  and  ^.  Their  respective  indinatioiis  over  PR  being 
162*  44',  168°  38',  172''  62',  and  177'  8';  over  OR  120=»  OCy,  101'*  53',  99**  52',  9r  21', 
and  92*  54',  those  of  the  nonnals  of  the  former  being  2T  16',  11**  22',  9°  30',  V  8*,  and 
2**  52' ;  of  the  latter  60°  00',  78\7',  80'  8',  82°  39',  and  Sr  6'.  144  occurs  in  Kerate, 
1  10  10,  and  1  16  16  in  Magnetite,  1  12  12  in  Blende,  and  1  40  40  in  Fhannacoaideiite. 

The  Four-Faoed  Cubey  caUed  also  the  pyramidal  cube  and  Utrdkis-'hexaliedron. 
Being  a  characteristic  form  of  fluor  spar,  Haidinger  gave 
it  the  name  of  Fluoride. 

Faces. — This  form  is  bounded  by  twenty-four  equal 
and  similar  isosceles  triangles.  As  the  three-faced  octa. 
hedron  may  be  derived  from  the  octahedron  by  placing  on 
every  face  of  the  octahedron  a  pyramid  with  three  trian. 
gular  faces  on  a  triangular  base  equal  to  the  &oe  of  the 
octahedron,  so  this  form  may  be  derived  from  the  cube  by 
placing  on  every  face  of  the  cube  a  pyramid  with  four 
isosceles  triangles  for  its  &ces,  on  a  square  base  equal  to 
the  lace  of  the  cube. 

Solid  Angles. — It  has  six  four-faced  solid  angles,  Pj  Pg,  &c.,  P,,  which  touch 
the  centres  of  the  faces  of  the  cube  in  which^it  is  inscribed,  at  the  extremities  of  the 
cubical  axes. 

Eight  six-faced  solid  angles,  0^  0^  &c.,  Og,  which  always  lie  in  the  octahedral 
axes  of  the  cube  in  which  it  is  inscribed. 

JSt27Sff.— There  are  twelve  longer  equal  edges  (Oj  0,,  Oj  0,,  &c.)  joining  the  six> 
iaced  solid  angles  together,  and  twenty-four  shorter  equal  edges,  Pj  0|,  P,  0,,  &c.9 
joining  the  four-faced  solid  angles  with  the  six-faced  ones. 

Symhols.—l&yery  face  of  this  form  cuts  one  of  the  cubical  axes  at  a  distance,  CP 
(Fig.  45),  from  its  centre,  another  axis  at  a  distance  m  times  CP  frx)m  the  centre,  and 
is  parallel  to  the  third  axis;  m  may  be  any 
whole  number  or  any  fraction  greater  than  one. 
Taking  CP  =  1,  the  symbol  which  will  repre-  A^ 
sent  this  relation  is  1  m  oo .  Naumann's  symbol 
is  00  Om,  MUler^s  Jtko,  and  Brooke  and  Levy's 
modification  of  Hauy,  ^^  or  B"*. 

To    draw  the  Four -faced  Cube.  —  Describe  ^  _ 
a   cube  Aj  A^   &c.,  Ag    (Fig.    45),    with  its  ^ 
octahedral  axes  Aj  A7,  A^  Ag,  &c.,  meeting  in  C, 
and  its  rhombic  axes  B^  B^^,  Bg  Bg,  &c. 

Take  E  in  B.  Aj,  sothat  B,  E  =  ^T.^  CAj. 

Thus,  if  m  =  2  B4E  =  I  CAj. 

Thus,  if  m  =  3  BgE  =  I  CA. 

In  CPi  take  CD  =  Bg  E.    Join'DE,  cutting  CA^  in  0^. 


Pig.  45. 


Through  0^  draw  0,  Oj  parallel  to  Aj  Aj,  cutting  CAj  in  O3.  Through  0-  draw 
O2  O3  parallel  to  A,  Ag,  cutting  CAg  in  Og ;  and  so  on,  till  a  cube  0|  O,,  &o.,  Og,  is 
inscribed  in  the  cube  A|  A^,  &c.,  Ag,  with  its  edges  parallel  to  it. 

Join  the  points  Pj  0^,  Pi  Oj,  &c.,  as  in  Fig.  45,  and  the  resulting  figure  will  be  a 
representation  of  the  four-faced  cube  inscribed  in  a  cube. 

J-xes. — The  cubical  axes,  Pj  Pg,  P2  P4,  and  Pg  P3.of  the  four-fieioed  cube  coincide 
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with  those  of  the  cube  in  which  it  is  inscribed,  and  join  the  opposite  four-faced  solid 
angles,  P^  Pj,  &c.,  P.. 

The  octahedral  axes  are  the      7  ,  th  part  of  those  of  the  cube,  and  join  the  oppo- 
site siz-faoed  solid  angles,  Oj  0^  &c.,  Og. 

The  rhombic  axes  arc  the  — :r-,th  part  of  those  of  the  cube,  and  join  the  centres  of 
fit  "J- 1 

the  opposite  longer  edges,  Oj  0„  0,  0„  &c. 

Itidination  of  Adfsteent  Faces.— If  0  be  the  angle  of  inclination  of  two  adja- 
cent feces,  measured  over  the  edge,  joining  the  extremities  of  the  octahedral  axes, 

such  as  Oj  Oj,  COS.  $  =  --, — ^ ;  and  if  ^  be  the  angle  of  inclination  measured  over 

the  edge  joining  the  extremities  of  the  octahedral  axes  with  those  of  the  cubical,  such 

as  Pj  Oj,  then  cos.  4b  =  ,   f^   .. 
1  -f-  w- 

Zimiis  of  the  Form.— The  four-faced  cube  Taries  as  m  increases  in  magnitude, 

from  1  to  00 ,  from  the  rhombic  dodecahedron  to  the  cube.    In  this  case  0  decreases 

from  180^  to  9<r,  and  ^  increases  from  120''  to  180°. 

The  octahedral  and  rhombic  axes  increase  from  the  ^ 

to  the  whole  of  the  corresponding  axes  of  the  cube  in 

which  the  figure  can  be  inscribed. 

To  eorutruet  a  N§t  of  the  fottr'faeed  Cube  which  eon  be 
inecribed  in  a  given  Cube. 

Describe  a  square,  P^  Bj,  P,  G  (Fig.  46),  haying 
one  of  its  sides  equal  half  the  edge  of  the  given  cube. 

Join  CBi.  Produce  P,  C,*aBd  Bj  Pj  to  B,  and  Aj. 
CB,. 

Join  Aj  B«,  and  A|  C. 

Take  B.  E  =  -^-^  A.  B,. 

Through  E  draw  ED  parallel  A^  P^,  cutting  A|  G  in  0^. 

Draw  a  line,  Pj  P,  (Fig.  47),  equal  CB„  or  Pj  P,  of  Pig.  46.    On 
this  base  describe  an  isosceles  triangle  Oj  Pi  P,,  hajiBg  each  of  its  sides,  P|  0^,  Oj  P,, 
equal  P|  0|  of  Fig.  46. 

Pj  Oj  P,  will  be  a  fece  of  the  required  four- 
faced  cube ;  twenty-four  of  these  faces  being 
amaged  together,  as  in  Fig.  48,  will  form  the 
required  net. 

Forme  of  the  four-faeed  cube. 

The  form  12ao,  eo02  of  Naumann,  210 
Miller,  and  ^^  of  Brooke  and  Leyy,  has  its 
octahedral  and  rhombic  axes  }  of  those  of  the 
cube  in  which  it  is  inscribed.  Inclination  of 
fkoes  oyer  any  edge,  such  as  Oj  0,  143^  8'  of 


Make  GB^  and  Pj  A^  both  equal 
Si 


Join  1^ 


Fiff.47. 


Fly.  48. 


their  normals  Sd""  52^ ;  oyer  any  edge,  such  as  P^  Oi  143"  8*  normals  36°  ^7!. 
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Crystalt  of  the  following  minerals  have  faces  parallel  to  t1Usf<trm: — 
Argentite.  Fluor.  Garnet.  percylite. 


Copper. 

Cobaltine. 
Cuprite. 


Gold. 
Gersdorfflte. 


Magnetite. 
Pyrlte. 


Salt. 
SilTcr. 


The  foim  13oo ,  oo'03  Naumann,  310  Miller,  P  Brooke  and  Levy,  has  its  octahedral 
and  rhombic  axes  f  of  the  cube ;  inclination  oyer  Ofl^  126"  52',  normals  53*  8';  orer 
PjOi  154"  9',  normals  25"*  51'.     It  occurs  in 

Amalgam,  FaUerz,  Fluor,  Hancrite,  and  Pyrite. 

The  form  lf<»,  ooOf  Naumann,  320  Miller,  **  Brooke  and  Levy,  has  its  octa- 
hedral and  rhombic  axes  \  of  the  cube,  inclination  over  O^O^  157^  23',  normals  22"  37'; 
over  PiOj  133'  49',  normals  46"  11'.    It  occurs  in 

Argentite,  Blende,  Diamond,  Pyrite,  and  Perowakite. 

The  form  l^oo ,  oo  Of  Naumann,  520  Miller,  b^  Brooke  and  Lc'VT',  has  its  octahedral 
and  rhombic  axes  4^th  those  of  the  oube,  inclination  over  0^0,  133"  56',  normals  46^124'; 
OTor  PjOi  149"  33',  normals  30"  27'.    It  oocars  in 

Copper  and  Fluor. 

The  form  1$  « ,  oo  0|  Naumann,  430  Miller,  and  h^  Brooke  and  Levy,  has  its  octa- 
hedral and  rhombic  axes  fth  those  of  the  cube,  inclination  over  Ofi^  163"  44',  normals 
16"  16  ;'  over  P^Oi  129"  48',  normals  50"  12'.    It  occurs  in 

Diamond  and  Perowskite. 

The  form  14oo ,  oo04  Naumann,  410  Miller,  and  b^  Brooke  and  Levy,  has  its 
octahedral  and  rhombic  axes  |  of  the  cube,  indinatioii  oyer  0^  Oj  118"  4',  aoimals 
61"  66* ;  over  Pj  Oj  160"  15',  normals  19"  45^.    It  occurs  in 

Cobaltine  and  Silver. 

The  form  l)ao ,  ooOj  Naumann,  540  Miller,  b^  Brooke  and  Levy,  has  its  octahedral 
and  rhombic  axes  fth  of  the  cube,  inclination  over  edge  Ofi.^  16T*  19',  normals  12"  41'; 
o^»r  edge  P^  0^  127"  34',  normals  52"  26*.    It  oocurs  in 

Perowskite. 

The  form  L5<x> ,  oo05  Nannwam,  iilO  Miller,  b^  Brooke  end  Levy,  baa  its  octahedral 
and  rhombic  axes  ^  of  the  cube,  inclination  over  Oj  0,  112"^  38',  normals  67"*  42',  oyer 
Pi  Oi  164"  4',  normals  25"  51'.    It  occurs  in 

Cuprile. 

The  form  I^od  approaches  nearer  to  the  rhombic  dodecahedron,  and  the  form  15aD 
to  the  cube,  than  any  of  the  other  forms  which  have  been  described  as  occuiing  in 
nature. 

Slx-fitco4  Octahedron. — ^The  six-faced  octahedron,  called  also  the  hexalcxsoeta- 
hedr<my  tetra-koniaoktaHsdrw^  pyramiddl-granatohedronj  triagonal  polyhedron.  Being  a 
characteristic  form  of  the  diamond,  Haidingcr  named  it  Adamantoid, 

Faces,  Edges^  and  Solid  Angles. — The  six-faced  octahedron  is  bounded  by  forty- 
eight  equal  and  similar  scalene  triangles,  such  as  Pj  Oj  R„  P^  0^  H4,  &c.    It  haa 
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Fig.  49. 


six  eight-faced  solid  angles,  Pi  F^  &c.,  P«,  whose  apices  terminaite  the  cubic  axes  and 
touch  the  faces  of  the  cube  in  which  the  figure  can  be 
inscribed.  Eight  six-faced  solid  angles,  0,  O2,  &c.,  Og, 
whose  apices  always  lie  in  the  octahedral  axes,  and  tvcelve 
fbur-£ac«d  solid  angles,  Ri  R^  ^a>  &c.,  H^^  whose  apices 
always  lie  in  the  rhombic  axes  of  the  cube  in  which  the 
six-faced  octahedron  can  be  inscribed.  It  has  twenty- 
four  long. edges,  Pj  0^  Pj  Oj,  &c.,  Pe  Og,  joining  the  apices 
of  the  eight^faoed  and  six-faced  solid  angles,  twenty-four 
intermediate  edges,  P^  E4,  R4  P«,  &c.,  joining  the  apices  of 
the  «ight-faced  and  four-faced  solid  angles,  and  twenty- 
four  short  edges,  Oj  Ri,  0^  R^,  Oj  R^,  &c.,  joining  the  apices 
of  tiie  six^faced  and  four-feuyed^solid  an§^. 

St/mboh  for  the  Six-faced  Ociahtdron.^^Yeacy  face  of  the  six-faced  octahedron, 
if  produced,  will  cut  thoree  of  the  oiibieal  axes  produced  in  three  points  at  unequal 
distances  from  the  centre  of  the  axes.  Thus,  in  Figs.  49  or  60,  the  face  Oj  R^  P 
produced  cuts  the  axis  C  Pj  at  the  point  P,,  the  axis  C  P^  produced  at  a  distance  ^  of 
G  P^,  and  C  P^  produced  at  a  distanee  three  times  C  P^  from  C,  the  centre  of  the  axes 
and  figure.  Similarly,  every  face  of  the  figure  cuts  one  axis  at  a  distance  C  P,  another 
produced  at  ^  of  C  P,  and  the  third  cubical  axis  produced  at  a  distance  three  times  C  P. 
Taking  C  P,  the  distance  of  the  centre  of  the  figure  from  the  apex  of  one  of  its 
eight-faced  solid  angles,  as  our  unit,  the  symbol  which  will  represent  this  relation 
of  the  faces  to  the  cubical  axes  will  be  1,  f,  3.  The  general  symbol  will  be  1,  m,  n> 
where  m  and  n  are  any  whole  numbers  or  fractions  greater  than  one,  and  m  less  than  n. 
Na\miann*s  symbol  is  m  0  n,  Miller's  hklyh,  k  and  /  being  all  three  whole  numbers ; 

and  Brooke  and  Levy's  modification  of  Haiiy,  B*  t*  h^ot  ^  ^K  ^' 
lb  draw  the  Six-food  Odahtdron,  wltou-^ij^M  .itl,mfn. 

Describe  a  cube  Ai  A^  &c..  A,  Ag  (Fig. 
oCH)  with  its  octahedral  axes,  C  A^,  C  Ao,  &c. 
C  Ag,  rhombic  axes  C  Bj,  CB2,  &c.  C  B,2,  and 
cubic  axes  C  Pi,  C  Pj,  &c.  C  Pe ;  only  one  of 
the  latter,  C  P^  is  shown  in  Fig.  52,  in  order 
not  to  crowd  the  figure  unnecessarily. 

Take  a  point  £  in  B^  Aj,  such  that 

For  the  form  I,  f,  3  B,^E=:^  .  ,  ,  . 
B,  Ai  =  f  B,  Ai,  or  B^  E  =  i  B,  A.. 


Take  another  point  G  in  B^  Aj,  such  4hat 


Fig.  60. 


1 

1 

JoinPiAjandCBa;  through  Band  G,  draw  ED,  audi  F  parallel  to  Ai  Pi  or  B^G, 
Let  E  D  cut  C  A,  in  Oi.      Through  Oj  draw  O2  parallel  to  Ai  A^  cutting  C  A, 


For  the  form  1,  J,  3  B,  E  = 


B.A.. 
B.  A.  =  «  B,  A;. 
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in  O2;  O2  O3 parallel  to  A, iL„ cutting  G  A, in  0„Bnd  so  on,  tilla  cubeOi  O,,  &c.,  0„ 
is  inscribed  in  A^  A^,  &c.|  A, ;  baying  C  0^  C  0,,  &c.,  C  Og  for  its  octahedral  axes. 

Similarlj,  commencing  from  the  point  where 
F  G  cuts  G  A},  draw  another  cube  whose  edges  are 
parallel  to  the  one  just  described,  and  haying  G  Ej, 
GB,,  GII3,  &c.,  GRi,  for  its  rhombic  axes,  as 
shown  in  Fig.  50.  Join  the  points  Pj  0|,  0^  II4,  P^ 
B4,  &c.,  as  shown  in  Fig.  51,  and  the  six-faced  octa- 
hedron will  be  drawn,  with  all  its  axes  inscribed 
in  a  cube.  In  this,  as  in  the  preceding  forms,  if 
it  Ib  only  required  to  show  the  form  itself^  as  in 
Fig.  49,  the  Figure  51  may  be  first  drawn  in 
pencil,  and  the  outidnefl  of  tiie  form  being  drawn 
in  ink,  the  other  lines  may  be  rubbed  out  The 
form  drawn  in  Figs.  49  and  51  is  that  whose 
symbol  is  1,  |,  3,  but  the  student  is  adyised  to  draw  for  himself  some  of  the  other  forms 
which  occur  in  nature  of  the  six-&ced  octahedron,  in  order  to  familiarise  himself  with 
the  di£Eerent  properties  of  the  figure,  and  its  relations  to  the  axes  of  the  cube  in  which 
it  is  inscribed. 

Axes  of  the  Six-faced  Octaltedron. 
The  cubical  axes  of  the  six-fetced  octahedron  join  the  opposite  eight-faced  solid 
angles,  and  are  equal  to  the  cubical  axes  of  the  cube  in  which  it  is  inscribed. 

The  octahedral  axes  join  the  opposite  six-faced  solid  angles,  and  are  equal  to  the 

^""7"  1       1*^  P**"*  of  ^c  octahedral  axes  of  the  cube  in  which  the  figure  is  inscribed. 
tn       n 
The  rhombic  axes  join  the  opposite  four-&ced  solid  angles,  and  are  equal  to  the 

1  th  part  of  the  rhombic  axes  of  the  cube  in  which  the  figure  is  inscribed. 

m 

IneUtuUion  of  the  Adjacent  Faces. 

If  9  be  the  angle  of  inclination  of  two  adjacent  faces  oyer  the  edge  P  0  (Figs.  49 

and  51),  joining  the  eight-faced  and  six-faced  solid  angles, 

_                            m  n 
Cos.  e  = 1 f  • 

If  ^  be  the  angle  of  inclination  oyer  the  edge  OR,  joining  the  six-faced  and  four- 
faced  solid  angles, 

Cos.  4>  = 1 T. 

If  tf^  be  the  angle  of  inclination  oyer  the  edge  RP,  joining  the  four-faced  and  eight- 
faced  solid  angles. 


Cos.4f  = 


i  +  ^-i 


1+1  + 
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Zimitt  of  the  Form  of  the  Six-faeid  Octahedron. 

The  six-fiused  octahedron  may  be  regarded  as  the  most  general  fonn  of  the  cubical 
system,  and  that  from  which  all  the  others  may  be  easily  derived,  Thus,  as  m  and  n 
i^proach  in  magnitude  to  unity,  the  tix-faeed  octahedron  approximates  to  the  octahC" 
drw  ;  and  when  m  and  n  are  both  equal  to  unity,  it  becomes  the  octahedron.  In  this 
case,  the  six  faces  forming  the  six-ffioed  solid  angle  all  lie  in  the  same  plane,  and  the 
edges  Pj  B4  and  S5  P,  lie  in  the  same  line. 

As  m  and  n  both  increase  in  magnitude  and  in  equality  to  each  other,  the  »ix-faced 
octahedron  approximates  to  the  cube ;  and  when  m  and  n  are  both  infinitely  great  it 
betXHues  the  euhe.  In  this  case,  the  eight  planes  which  form  each  eight-faced  soUd 
angle  all  lie  in  the  same  plane,  and  the  edges  Oj  R4  and  R4  O4  lie  in  the  same  line. 

As  m  approaches  to  unity  while  n  increases  in  magnitude,  the  eix-faced  octahedron 
approximates  to  the  rhomhie  dodecahedron ;  and  wben  m  equals  tmity,  and  n  is  infi- 
nitely great,  it  becomes  the  rhombic  dodecahedron.  ;  In  this  case,  the  four  planes  which 
form  each  four-faoed  solid  angle  lie  in  the  same  plane. 

When  m  equals  unity  while  n  remains  finite,  the  eix-faeed  octahedron  becomes  the 
three^faeed  octahedron;  and  the  planes  on  each  side  of  the  edge  RO  lie  in  the  same 
plane. 

When  m  and  n  are  equal  to  each  other,  both  finite  and  greater  than  unity,  the  six- 
feeed  octahedron  becomes  the  twcnty-four-faeed  trapezohcdron  ;  and  the  planes  on  each 
side  of  the  edge  PO  lie  in  the  same  plane. 

When  m  remains  finite,  and  n  becomes  infinite,  the  eix-faced  octahedron  becomes 
the  frntr-faeed  cubcj  and  the  planes  on  each  side  of  the  edge  PR  lie  in  the  same  plane. 

All  the  formula  for  the  axes  and  the  inclination  of  the  faces,  &c.,  for  all  the  holo- 
hedral  forms  of  the  cube  may  be  derived  from  those  of  the  six-&ced  octahedron,  by 
substituting  ^  for  m  and  n,  for  the  cube  ;  1  for  m  and  n  for  the  octahedron ;  1  for  m 
and  ^  for  II  for  the  rhombic  dodecahedron ;  1  for  i»  for  the  three-faced  octahedron ;  m 
forn  for  the  twenty-fonr-flgused  trapeiohedron ;  and  ^  for  n  for  the  four-iaced  cube. 

To  detcribe  a  Net  for  the  Six-faced  Octahedron  which  map  be  inecribed  in  a  given  Cube. 

Besoibe  a  square,  P,  B,  P,  C  (Fig.  52),  having  one  of 
its  sides  half  the-edge  of  the  given  cube.    Join  CBj. 
Produce  B|  P^  to  A„  and  P,  G  to  B«. 
MakeA^PianlCBsboth.equalCB,.  JoinAj  B«  and  A|  G. 

TakoB,E  = 1 1  B,  A^  and  B,  0=  JL_  B^A/ 

l+i.  +  -  l-t-i 

m      n  '  m 

Through  O  and  £  draw  6  F  and  £  D  parallel  to  A^  P^. 


tig,  58.  ng.  5S.  Fig.  54. 

LetEDcut  A,GinOi,andOFpiodQeedcntGB,inRi.  JoinPjO|,P|Rj,and  R^P,. 
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In  C  Bs  take  C  R5  equsL  C  R,  and  jom  Rg  Oi. 

Thea  diaw  a  line  Oj  P^  (Fig.  53),  e^iua  0^  P^  (Fig,  62)  OB.  Oj  P,  (Fig.  53X  as  a 
base,  desciibe  a  tnaiigle,Oi  R  Pi,liayiDg  ita  side  0^  E  equal  to  0^  R5  (Fig.  52),  and  Hie 
side  P]  R  equal  to  Pi  Rj  of  Fig.  62,  then  0,  R  P|  will  be  a  face  of  the  required  figure. 

Forty-eight  such  faces  arranged  togeUier,  as  in  Fig.  64,  viU  form  the  required  net 
&om  wMch  a  model  of  the  siz-iaced  octahedron  can  be  formed,  which  oan  be  inaccibed 
in  the  given  cube. 

Jbrwj  of  the  Six-faeed  Octafiedroti  which  occur  in  Nature, 

The  form  1,  f,  ^  whose  symbols  are  f  0  f ,  Nauinann ;  5, 4, 3,  Miller ;  and  ^i,  ii,  h\, 
Brooke  and  Levy,  has  its  octahedral  axes  -^vth  and  rhombic  f  th  those  of  tbe  cube  ia 
which  it  is  inscribed. 

Cos.  e  =s  4§  e  =  168'  31',  cos.  ^  =  |§  <^  =  168^  31'  cos.  ^  ==  fj  >(/  =  129'  46'. 

Inclination  of  normals  of  faces  whose  inclinations  to  each  other  are  d  p  and  1^  res- 
pectively, ir  29^  ir  29',  and  60"  12'. 

Faces  parallel  to  this  form  occur  in  crystals  of  Pyrito. 

The  form  1,  ff,  64 ;  64  0  f^,  Naumann ;  64,  63,  1,  MiUer ;  ^S  JA,  iA,  Brooke  aad 
Levy.     Octahedral  axes  =  \ ;  rhombic  =  ■^. 

Cofl.  <> =|S|J  0  =  121°  34';  COS.  ^=  f^f  <|>  =  ll^""  6';  cos.  >/,  =  |^  i^  =  178'  43*. 
Inclination  of  normals  58'  26',  0°  54',  and  1**  17'. 

Faces  parallel  to  this  form  occur  in  crystals  of  Ganxot. 

The  form  1,  4,  2 ;  20|,  Naumann ;  4,  3,  2,  Miller;  and  di,  li,  hk^  Brooke  ajid  Levy. 
Octahedral  axes  |  and  rhombic  1^, 

Cos.  tf  =  If,  fl  =  164"  bb';  cos.  4.  =  ^,  <)  =  164'  55';  cos. >/;  =  |fc  ^=il36'  24" 
Inclination  of  normals,  15"  6',  15"  6',  and  43'  36'. 

Faces  parallel  to  this  form  occur  in  crystals  of  lixuxeite. 

The  form  1,  H>  V  J  V  0  i|,  Naumann;  15,  11,  7^  Miller;  and  h\  M,  b^- 
Brooke  and  Levy ;  octahedral  ascs,  ^ ;  rhombic,  ^. 

Cos.  fl  =  f^,  6=163'  38';  cos.  ^=:^^  <^  =  163'38';  cos.  ^  =  ^, ;// =  13S. 
46'.     Inclination  of  normals,  10"  22',  16"  22',  and  4r  IS'. 

Faces  parallel  to  this  fonn  occur  in  Linnaite< 

The  form  1,  f,  4;  4  0  |,  Naumann;  4,  3»  1,  Killor;  and  h\  M,  hkj  Bcooke  add 
Levy.    Octahedral  axes,  \ ;  rhombic.  |. 

Cos.  «  =  ^,  0  =  147"  48';  coa.  ♦=§*.  ^3=164" -y;  cos.  ^  =  ff,  1^ s=  ISr  2^. 
Inclination  of  normals,  32"  1^,  15'  67',  and  22'  37'. 

Faces  parallel  to  this  fom^  occur  in  Garnet. 

The  form  1,  |,  3 ;  3  0  f,  Naumann;  3,  2, 1,  MiUer;  and  h\  b\,  H,  Brooke  and 
Levy.    Octahedral  axes  :=  \  f  rhombic,  f. 

Cos.  0=x^,  0=158"  13' ;  cos.  <^  =  i|,  ^  =  158"  13';  cos.  »|/  =  tt,  if/ =  149'  0'. 

Inclination  of  normals,  21"  47',  21"  47,'  and  31"  0'. 

Faces  parallel  to  this  form  oceur  in 

Amalgam.  Diamond.  Hauorite. 

Cobaltine.  Fablerz.  Ma^etite. 

Cuprite.  Garnet.  Pyrite. 

The  form  1,  i,  5  ;  6  0^,  Naumann;  6,  3,  1,  Miller ;  3^,  ii,  h\^  Brooke  and  Levy; 
octahedral  axes,  ^ ;  rhombic,  f. 

Cos.  0aB|i  ^  =  152"  20' ;  cos.  ^=44,  fp  =  162"  20' ;  cos.  ^«:  ff,  4,=  160"  32*. 
Inclination  of  nocmalis  27"  40',  %r  40',  and  10^28^ 
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Faces  parallfll  to  tiMs  toma  ooeur  ia  BonMiteand  Ffrite. 

The  form  1,  2,  4 ;  4  0  2,  Naumaiiii ;  4,  2, 1,  MiUor;  b\  biy  bk,  Brooke  and  Levy. 
Octahedral  axes,  ^ ;  rhombic,  |. 

Cob.  a=:}^  »s=162'  Id';  cob.  ^  =  «,  4»=144'  3*;  coe.  ![/  =  «,  Tf^=154M7'. 
Indmatioii  of  narmals,  17"  45',  85°  57',  and  25'  18'. 

Faces  parallel  to  this  form  occur  in  Fluor,  Gold,  and  Pyrite. 

The  fi>rm  1,  V»  V '»  V  0  V'  Naumaon;  11,  5,  3,  Miller;  G,^  Oi,  6t,  Brooke  and 
Leyj.     Octahedral  axes,  |^;  rhomhic  axes,  -^ 

Cos.  e  =  i^,  0  =  166' 57';  cos.  <)  =  i^  (^  =  140' 9' ;  cos.  ;J.  =  ^,  4^  =  1.32' 7'. 
Inclination  of  normals,  13'  8*,  89''  51',  and  27"*  53'. 

Faces  parallel  to  this  form  occur  in  crystals  of  Fluor. 

The  fwm  1,  y?  4;  4  0  V,  Naumann;  16,  7,  4,  Miller;  64,  6f,  CA,  Brooke  and 
Lcyy.     Octahedral  axes,  ^ ;  rhombic  axes,  ^. 

Cos.  «  =1^,  e  =  166'  24' ;  cos.  4l>  =  ^,<t>=  138' 23' ;  cos  4*  =  Jf f ,  4^=  154'  12' . 
Inclination  ol  normals,  13°  86',  4r  87',  and  25^  48'. 

Faces  parallel  to  this  form  ocoar  in  crystals  of  Fluor. 

The  form  1,  ^,  7 ;  7  0^,  Naumann;  7,  3,  1,  MiUer;  b\  6i,  6f,  Brooke  and  Levy. 
Octahedral  axes,  ^ ;  rhombic,  -j^. 

Coa.  e  =  J^e=158'  47';  cos.  <t>  =  ih  «?)=:136'  47';  cos.  4^  =  ^J,  if^  a=  165'  2'. 
Inclination  of  normals,  21°  15',  43°  13',  and  14^  58'. 

Faces  parallel  to  this  form  occur  in  crystals  of  Fluor. 

The  fcnn  1,  4,  8;  8  0  4,  Naumann;  8,  2,  X,  Millar;  6»,  bkj  bl,  Brook©  and  Le%T. 
Octahedral  axes,  -^ ;  rhombic  axes,  ^. 

Cos.  «  =  «,  «=  170°  14' ;  coa.  «^  =  li,  ^  =  U8°  34' ;  cm.  iff  =  f^  i('  =  166°  IC. 
Inctination  of  normals,  9°  46',  61°  26',  and  13°  50'. 

Faces  parallel  to  this  form  hare  been  found  in  crystals  of  Gaksa. 


Pig.  55.  Pig.  56.  Pig.  57. 

Combinclion  9!"  tfa*  Fonn*  dtkit  <htihm  and  OctahedzoA — When  the 
faces  of  the  cube  P^  Py  &c.,  P«  (Fig.  55),  predominate,  the  solid  angles  of  the  cube  are 
replaced  by  triaogular  faces  o^  o„  &c.,  0g,  which  are  parallel  to  those  of  the  inscribed 
octahedron.  When  (he  faces  o^  Oj,  &c.,  Og,  are  so  large  that  the  angles  of  their 
triangles  meet,  P^  P,,  &c.,  P«,  are  squares  (Fig.  56).  When  the  faces  of  the  octahedron 
predominate,  as  in  Fig.  57,  the^  solid  angles  of  the  octahedron  arc  replaced  by  square 
phmes  of  the  cube  P)  P«  Ac.,  P» 

If  0  be  the  angle  of  indination  of  a  face  of  ^the  octahedron,  as  0^  to  any  of  the 
adjacent  faces  of  the  cube,  as  P^  Pj,  or  P5, 

Cos.  «=  -V  •=125°  16'. 
t/3 

Inclination  of  nannala,  «i  and  P,  =  54°  44'. 
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Combination  of  Cube  and  BJumiMc  Dodooakedzon^— When  the  faces  of 
the  cube  P^  P,  P^  &c.,  (Fig.  58),  predominate,  the  &ces  of  the  riiombic  dodecahedron, 
rj  1 4  r^,  replace  the  edges  of  the  cube, 

When  the  Uoes  of  rhombic  dodecahedron  predominate  (Fig.  59),  the  &oes  of  the 
cube  Pj  P,  P5,  replace  the  four-feu^ed  solid  angles  of  the  rhombic  dodecahedron  witb 
square  planes,  P^  P^,  &c. 

If  0  be  the  angle  of  inclination  of  the  face  of  the  cube  P,  to  the  adjacent  faces  of 
the  rhombic  dodecahedron  r^  r^,  &c.,  and  0^  the  incUnation  of  their  normals, 

Cos.  0  =  -^  9  =  135",  and  0'  =  46\ 
\  2 


Fig.  68. 


Fig.  59. 


Kg.  60. 


\ 


Combination  of  Cube  and  Tluraa-fiaced  Ootahodron.— When  the 

of  the  cube,  P^  P,  P^,  &c.  (Fig.  60),  predominate,  the  solid  angles 
of  the  cube  are  replaced  by  tiie  three-fiiced  solid  angles  of  the 
three-faced  octahedron,  forming  three  trapezoidal  planes,  6|  bji 
and  6s,  for  each  solid  angle  of  the  cube. 

When  the  fS&ces  of  tiio  three-faced  octahedron,  bi  ft,  ft,,  &c., 
predominate  (Fig.  61),  the  eight-fEUsed  solid  angles  of  the  three- 
&ced  octahedron  are  replaced  by  octagonal  planes  of  the  cube 
PiP,P„&c. 

Let  0  be  the  angle  of  indinaiion  of  Pj  to  ft^  or  ft„  0"  that  of 
their  normals,  and  4>  the  angle  of  inclination  of  P|  to  ft,,  4/  that  of  their  normals. 

If  11»  be  the  symbol  of  the  three-faced  octahedron, 


faces 


Fig.  81. 


^2-1- 


0'  =  18O'-0cos.4>=-5^^  9'=:180'-^. 


For  the  form  I,  1,  fj  cos.  0  =  VtVttA 

0^=  125*28'  0^  =  54' 32'. 

cos.4»  =  VT^flWr 

>=  124»5r4»'=55-9'. 

For  the  form  1,  1,  J,  cos.  0  =  VfJ 

0  =  12r59'  0'  =  52'1'. 

cos.4»  =  Vf| 

9=  119"  29' f  =  60*31'. 

For  the  form  1, 1,  f  00s.  0  =  Va 

0  =  129*  46'  0^  =  50*  14'. 

COS.  9  =  VA 

4t>  =  115*15'  f  =64*45'. 

For  the  form  1, 1,  },  cos.  0  =  VtVt 

0  =  130*  58'  e  =  49*  2'. 

eos.^  =  V4W 

9=  112*0*    4>'  =  68*0'. 

For  the  form  1, 1,  2,  cos.  0  =  V^ 

0  =  131*  49'  0*  =  48*  11'. 

oos.4^=  Vi 

4t>  =  109*  29*  9'  =  70*  31'. 
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For  the  form  1, 1,  3,  cos.  tf  =  V^^  «  =  133"  30'  V  =  46*  SC. 

COB.  ^  =  VA  ^  =  103*  16'  ^'  =  76*  44'. 

For  the  form  1, 1,  4,  cos.  tf  =  VW  ^  =  134*    8'  V  =  46*  6T,     ' 

COS.  ^  =  Va^  ip  =  100*    r  ^'  =  79'  69'. 

Combliuttioii  off  Cube  and  Twenty-fimx-fiMed  Txm.peBo]Mdioii.~Wlicn 
the  tsuoes  of  the  cuhe  P^  P,  P^,  &c.,  predominate  (Fig.  62),  the  solid  angles  of  the  cube 

are  replaced  by  the  three-faced  solid  angles  of  tho  Trapeze- 

hedron  forming  three  tiiangnUir  planee  a^  a^  a^  for  each  solid 

angle  of  the  cnbe. 

When  the  faces  of  the  trapozo- 

hedron  predominate  (Fig.  63),  the 

four-fiBUied  solid  angles  of  the  trape- 

zohedrony    which   terminate   the 

cubical  axes,  are  replaced  by  square 

planes  of  the  cube  P|  P,  P^,  &c. 

Let  (9  be  the  angle  of  inclination  of 
Pi  to  Aj,  ^  that  of  their  normals,  and  ^  the  angle  of  incli- 
nation of  Pi  to  0,  or  &!,  ^'  that  of  their  normals. 

If  1  fl>  m  bo  the  symbol  of  the  twenty-£>ur-faoed  trapezo- 
hcdron, 


Fig.  62. 


Fig.  63. 


006.  0:=- 


-,  6*  =  180*  -  *,  *  w 


COS.  0 


'  ,^'  =  180*-^. 


For  the  form  1,  j,  |,  cos.  fl  =  V«  «  =  133*  19'  er  =  46*  41'. 

COS.  ^  =  VA  ^  =  120*  58'  <t>'  ==  69*  2'. 
For  tho  form  1,  |,  f  cos.  tf  =  VA  «  =  136*  41'  6'  =  43*  19'. 

COS.  ^  =  V^  4^  =  119*  1'    ipT  =  60*  59'. 
For  the  form  1,  2,  2,  cos,  0  =  VF  <>  =  1**'  ^4'/  =  36*  16'. 

COS.  ^  =  Vi"^  =  114*  6'  ^'  =  66* 64'. 
For  the  form  1,  fc  },  cos.  «  =  VVW  •=  147*  51'  y  =  82*  9'. 

COS.  ^  =  VVA"*=  112"  6'  ^'  =  67*  64'. 
For  the  form  1,  f  f  cos.  9  =  VH   •  =  162*  4'   fl'  =  27*  66'. 

COS.  ^  =  VA   ♦  =  109*  21'  ^'  =  70*  89'. 
For  the  fi»m  1,  8,  3,  cos.  •  =  VA   •  =  164«  46*  fl'  =  26"  14'. 

cos,  ^  =  VA  ^  =  107«  88  '^'  =  72*  27'. 
For  the  form  1,  4,  4,  cos.  0  =  v^if  •  =  160«  32*  ^  =  19«  28'. 

cos.  ^  =  v/^  ^  =  103»  38'  ^'  =r  76«  22'. 
For  the  form  1,10, 10,  COS.  9  =  v^^Sf  ^  =  171' 57'  0'=8«3'. '. 
COS.  ft>  =  Vt*t  ^  =  95°  *!'    ^'  =  34*  19'- 
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For  the  form  1, 12, 12,  cos.  e  =  x/m^  =  ^73'  17'  6^  =  6'  43'. 

C03.  ip  =  \/^<p=^9T  45'   <;>'  =z  85'  15'. 
For  the  form  1, 16,  16,  cos.  &  =  x/J^  e  =  174"  57'  e'  =  5'  3'. 

COS.  <^  =  y/^ip=  93'  34'  4>'  =  86^  26*. 

For  the  form  1,  40,  10,  co3.  9  =  V^  «  =  177"  8'    0'  =  2'  52'. 

COS.  fp=i  /tSt<^=91'  26'  <^'  =  88'  34'. 

Gombiiuttiaii  of  G«b*  and  Fomn^facod  GmlM.— When  the  faces  of  the  cube 
Pi  Pj  Pg,  &c.  (Fig.  64)  predominate,  each  edge  of  the  cnbe  ia  replaced  or  bevelled  by 


Fig.  65. 


two  faces  of  the  four-faoed  cube 

<?,  <?2»  <J3  '^i*  <^5  ^'•J  ^' 

When  Idle  faces  of  the  fonr- 
faoed  cube  <?i  Cj  ^3»  ^'  (^* 
65)  predominate,  erery  four- 
faced  solid  angle  of  iSke  four- 
£Eu»ed  cube  is  replaced  by  a 
square  plane,  Pj  Pj,  &c.,  of  the 
cube. 
Fig,  64.  If  1,  i«,  00  be  the  symbol  of 

the  foxir-faced  cube, 

e  the  angle  of  inclination  of  P^  to  c^  or  c^,  ff  that  of  their  normals. 
^  the  angle  of  inclination  of  Pj  to  <;.  or  c^,  (^'  that  of  their  normals. 

Then  cos.  e  =       J^ or  cot.  B  =  m,  ff  =  180  —  0,  cos.  <^  =  ^2^, 

and  (^'  =  180^  —  (p. 
The  inclination  of  Pi  to  ^j  or  c,  is  90'  in  every  case. 

For  the  form  I,  J,  » ,  cos,  B  =  i/|f  cot.  8  =  ^0=  141^  20'  ft'  =  36"  40'. 

cos.  <^  =  \/^'  <?>  =  128'  40'  (p'  =  oV  20'. 

For  the  form  1,  |,  oo,cos.  0=zVl\  cot.  e  =  ^  0=  143' 8'     0' =  36' 52'. 

cos.  i>  =  t/^  <|>  =  126'  52'  <!>'  =  53"  8'. 

For  the  form  1,  f,  oo ,  cos.  0  =  y/^j  cot.  0  =  f ,  0  =  146'  19'  0-  =  33'  41'. 

cos.  <^  =  V'^  ^  =z  123'  41'  4>'  =  56'  19'. 

For  the  form  1,  2,  oo ,  cos.  0  =  i/l    cot.  0  =  2  0  =  153^  26'  0'  =  26"  34'. 

C03.  <^  =:  y/J  <f)  =  116"  34'  4>'  =  63"  26'. 

For  the  form  1,  ^,  «, ,  cos.  0  ™  i/M  cot.  0  =  f  0  =  158'  12'  0'  =  21"  48'. 

cos.  (^  =  t '  A  <^  =  m^  *8'  <?>'  =  ^S'  12*. 

For  the  form  1,  3,  oo,  cos.  0  =  t/^  cot.  0  =  30=  16P  34'  0'  =  18'  26'. 

C03.  (p  =  i/^  (^  =  108^  26'  <fr'  =  71'  34'. 

For  the  form  1,  4,  » ,  cos.  6  =  v/ff  cot.  0  =  40  =  165'  58'  0'  =  14'  2'. 

COS.  <p  =  VS  4>  =  104'  2'   <^'  =  75"  SS*. 

For  the  form  1,  5,  oo ,  cos.  0  =  VU   co^-  0  =  60  =  168'  41'  er  =  11*  19'. 

COS.  ip  —  V^  ^  =  lOr  19'  <^'  =  78'  41'. 
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of  ihL%m  MiA  Mft-fiHMA  Mlaft««*o]i.^W1ien  the  ftces  of 
the  cnbe  P|  P,  F^,  &c.  (Fig.  66),  predominatey  each  solid 
angle  of  the  cube  ia  replaced  l)y  a  nx-ikoed  solid  angle  of  the 
six-fiuied  octahedron,  fbnning  six  trian- 
gular planes  ey  e^  e,  e^  e^  e^  for  each  solid 
angle  of  the  cube. 

When  the  &oes  of  six-fiteed  octaho- 
Idron  4^  «2  ^3,  Ac.   (Fig.  67),  predbmi- 
/  nate,  the  eigh^&oed  solid  angles  of  the 
8ix-&ced  octahedron  are  replaced  by  oc- 
tagonal planes  Pi  Vy,  &c.,  of  the  cube. 

If  1,  m,  fi  be  the  symbol  of  the  six-faced  octahedron, 
9  the  angle  of  inclination  of  P^  to  e^y  or  e^^  9  that  of  their 
normala. 

^  the^angle  of  inclination  of  P^  to  e^^  or  0^,  ^  that  of  their  normals. 
^  the  angle  of  inclination  of  P^  to  ^3,  or  ^4,  ^'  that  of  their  normals. 

C08.  e  = 


Fiff.  66. 


Pig.  67. 


0'  =  180'  -aco8.4>  =  ®^5l-?A'  =  180''-A:cos.J/  = 

VI +J   I.  1  i"»  ^^       ^ 

«3     »       «5 


cos.  B 


1^'  =  180*  ->'. 


For  the  form  1,  *,*,«=  135^  (/,  6  —  46^  (T  ;.  ^   »  124°  27,  4>'  «  Sfi'^  33' ; 
4r»a=  115' 16',  f  =  64^  54'. 

For  the  fonn  1,  ||,  64,  e=  135^  37',  ^  =  44^  3'i' ;  p  =  134°  33',  <>'  =  46°  27' ; 
^  =  90°  38',  f  =s  89°  22'. 

For  the  form  1,^,2,6=  137' 68',  a' =  42°  2' ;  4»  =  123°  61',  4»' =  66°  9' ;  ^r  = 
111°  48',  ^  68°  12'. 

For  the  form  1,  ^  V,  6  =  139°  0,'  a'  =  41°  0* ;  «^  =  123'  36',  ^*  =  56°  24' 
4^  =  110°  37',  f  =  69°  23'. 

For  the  form  1,  f  4,  a  =  141°  40',  9  =  38'  20' ;  4>  =   126'  2',  <>'  =  63°  68' 
if  =  101°  19*,  f  =  78°  41'. 

For  the  form  1,  f ,  3,  a  =  143'  18',  9  =  36°  42' ;   ^  =  122°   19',  ^'  =  67°  4! 
^  =  106'  30',  f  =  74°  30'. 

For  the  form  1,  f  ,  6,  a  =  147°  41',  9  =  32°  19' ;   ^  =  120'  28',  ^'  =  69°  32'; 
^  =  99°  4',  f  =  80°  16'. 

For  the  fonn  1,  2,  4^  6  «*  15«'  48',  «'  -=  29°  12' ;  ^  «  116°  63',  ^   =  64°  7' 
1^  =  102°  36',  ^'  =  77°  24'. 

For  the  form  1,  V,  V»  ^  =  152'  4',  9  =  27"  66' ;  ^  =  113^  41',  <>'  =  66°  19' 
+  ^  103^  67',  ij/  =  76°  S*. 

For  the  form  1,  %  4,  «  -=  153°  16',  tf'  =  26°  46';  4»  =  113' 0*,  4»'  =  67°  0* 
^  =  102°  54',  ^  «  77^*  6'. 

For  the  form  1,  i,  7,  e  «  165°  41',  6^  =-  24°  19' ;  ^  «  112'^  69',  4>'  :-  «7«  1' 
iff  as  97°  29',  ^  —  82°  31'. 

For  the  form  1,  4,  8,  •  —  164°  23',  9  —  16°  37' ;  *  —  M3'  56',  f  —  76"  4' 
^  »  96°  66',  ij/  =  83'  6'. 
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Fig.  68. 


Combination  of  Octal&edzon  and  Bhombio  Podooafcadion.— When  the 

faces  of  ihe  octahedion  predominate,  as  Oj  04  o^,  &c.  (Fig.  68)^ 
the  planes  of  the  rhombic  dodecahedron  r^  r^  r^,  &c.,  replace 
or  truncate  the  edges  of  the  octahe- 
dron. 

When  the  faces  of  the  rhombio 
dodecahedron  predominate,  as  r^r^r^ 
&c.  (Fig.  69),  the  three-faced  solid' 
angles  of  the  rhombic  dodecahedron 
^'a^  .V  >?^  W^yfk  are  replaced  by  triangular  planes  Oj 
04  ^sf  &o-  of  the  octahedron. 

The  inclination  of  o^  to  any  of  the  adjacent  feces  rj,  r^,  or 
r^,  is  Hi"  44',  that  of  their  normals  35'*  16'. 
Combination  off  the  Octahedron  and  Three-faced  Octahedron.^ When 
the  feces  of  the  octahedron  Oj  <?;  o^  0,  &c.  (Fig.  70),  predomi- 
nate, the  edges  of  the]  octahedron  axe  replaced  or  bevelled  by 
two  planes  of  the  three-feced  octahe- 
dron. 

When  the  feces  of  the  three-faced  ^ 
octahedron  b^  b.^  b^y  &c.  (Fig.  71),  pre- 
^  dominate,  the  three-faced  solid  angles 
of  the  three-feced  octahedron  are  replaced 
by  triangular  planes  Oj,  0^,  o^,  <?„  &c.,  of 
the  octahedron. 


Fig.  69 


Fig.  70. 


Pig.  71. 


If  11m  be  the  symbol  of  the  three-faced  octahedron,  e  the 


angle  of  inclination  of  o^  to  3^,  b^  or  b^  9  that  of  their  normals, 


Then  cos.  0  = 


3(2 +^J 


and  a*  =  180^  —  e. 


For  the  form  1,  1,  U  e  r=  179*  35'  a'  =   O**  25'. 

For  the  form  1,  1,  J  a  =  174°  14'  a*  =    5°  46'. 

For  the  form  1,  1,  ^  a  =  169°  57'  9  =  10°  3'. 

For  the  form  1,  1,  J  6  =  166°  44'  9  =  13°  16'.    ] 

For  the  form  1,  1,  2  6  =  164°  12*  a'  =  15°  h%\ 

For  the  form  1,  1,  3  a  =  158°    0'  a'  =  22°    0'. 

For  the  form  1,  1,  4  a  =  154°  46'  9  =  25°  14'. 

Combination  of  the  Octahedron  and  Twenty-fonr  Faced  Trapeso- 
hedron.— When  the  faces  of  the  octahedron  o,  04  0^  0,  (Fig.  72)  predominate,  the 
solid  angles  of  the  octahedron  are  replaced  by  the  four-faced  solid  angles  of  the  trapc- 
zohedron,  which  terminate  its  cubical  axes. 
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When  the  &ceB  Oj  Oj  a^  &c.  (Fig.  73),  of  the  trapezohedron  predomiziate,  the  three- 
faced  solid  taj^ea  of  the  trapezo- 
hedroii  are  replaced  bj  triangular 
planes  a^,  04,  O4,  Og,  of  the  octahe- 
dron. 

If  1,  «n,  m  be  the  sjrmbol  of  the 
twenty-four-faced  trapezohedron, 
0  the  angle  of  inclination  of  the 
face  ©1  to  «!,  «2,  or  a,;  ff  thatof 


their  normals. 


Pig.  72. 


Cos.  e  = 


m 


Fig.  73. 


T^^(^  +  ^.) 


9  =  180'  —  9. 


For  the  form  1,  f  | 
For  the  form  1,  f ,  f 
For  the  form  1,  2,  2 
For  the  form  1,  J,  { 
For  the  form  1,  },  f 
For  the  form  1,  3,  3 
For  the  form  1,  4,  4, 
For  the  form  1, 10,  10 
For  the  form  1,  12,  12 
For  the  form  1,  16,  16 
Fortheforml,  40,  40 


8=17^57' 
a  =  168''  35' 
0  =  160*  32' 
0  =  167°  25' 
0  =  153''  12' 
e  =  150*  30* 
0  =  144*  44' 
0  =  133'  ly 
0  =  131»  59' 
0  =  130*  19' 


0*=  8*  3'. 
0^  =  11*  25'. 
9  =  19*  28'. 
9  =  22''  35'. 
9  =  26*  48'. 
ff  =  29*  30'. 
9  =  35*  16'. 
0*  =  46*  41'. 
0'  =  48'  r. 
9  =  49*  41'. 
9  =  52*  43'. 


0  =  127*  17' 
Combination  of  the  Octahedron  and  Fow-laced  Cnhe.— When  the  faces  of 
the  octahedron,  0^  04  04  o,  (Fig.  74),  pre- 
dominate, the  solid  angles  of  the  octahe- 
dron are  replaced  by  the  four-faced  solid 
^  angles  of  the  four-faced  cube  c^  f„  &c. 
When  the  feuses  of  the  four-faced 
'  cube  <?i  e^  c„  &c.  (Fig.  [75),  predomi- 
nate,  the  six-faced  solid  angles  of  the 
£)nr-fiAced  cube  are  replaced  by  planes 
of  the  octahedron  ^,  04,  o^,  0^  &c. 
If  0  be  the  angle  of  inclination  of 
the  face  «,  of  the  octahedron,  to  any  of  the  faces  c^e^ue^  e^  c,  of  the  four-faced  cube 
whose  symbol  is  1  m  00,  0'  that  of  their  normals. 

1 


Pig.  74. 


Fig.  75. 


1  +  : 


Cos.  0  = 


O  +  JJ 


0'  =  I8O>  — 0. 


For  the  form  ly  (,  00 
For  the  fonn  1,  4, 00 
For  the  finm  1,  |, » 
For  the  fimn  1,  2,  od 
For  the  form  1,  |,  o» 


0=144M5' 
0  =  143*56' 
0  =  148*11' 
0  =  141*  46* 
0  =  189»  38' 


0^  =  35<»  45'. 
9  =  36'  49'. 
9  =  36'  49'. 
9  =s  39^  14'. 
9  =  41*  22*. 


INeROANIC  NATURC— N«.  XI. 
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For  the  form  I,  4; » 
For  the  fom  1,  £,<» 


6=:132'48'      r  =  4r  12'. 


ComWnatten  of  the  Octahedzon  and  Six-fiMed  Octaliedum.— Wlicn  the 

faces  Oj  04  ««  o,  (Fig,  70),  of  the  ootahe- 
dron  predominate,  the  solid  angles-of  the 
octahedron  are  replaced  by  Hie  oight- 
faced  aolid  angles  of  the  six^&ced  octa- 
hedron. 

When  the  faces  e^  e^ «,  e^y  &c.  (Fig. 
77),  of  the  six-faced  octahedron  predo- 
minato,  eadi  six-f^oed  solid  angle  of  the 
six-faced  octahedron-  is  replaced  by  a 
Fig.  76.  plane,  o,  04  04,  &c.  of  the  octahedron.  ^ 

If  1,  m,  n  be  the  symbol  of  the  six-fkced  octahedfon,  e  the  angle  of  inclination  of 
a  face  of  the  octahedron  o^  to  any  of  the  six  adjacent  feces  e^  t^  e^^e^  or  e^  of  the 
six-faced  octahedron,  &  that  of  their  normals, 

Cos.  e  =  — :^ -     ^  =s'18«'  —  9. 


Fig.  77. 


^'«0+i.+^.) 


For  the  form  1,  J,'  ^ 
Forthefonn  1,  ff,  64 
Fortheforml,    |»    2 

Eor  the  form  l^ifiV 
For  the  form  1,  f ,  4 
Fortheforml,  j»  3 
Fortheforml,  ^  5 
For  the  fonn  1,  2,  4 
For  the  form  1^  V»  V 
For  the  form  1,  y,  4 
For  the  form  1,  |,  7 
For  the  form  1,    4,    8 


e  =  168'  2ar 

e=  145^22' 

a  =  i64'»  4r 

e  =  L64?  5r 
0  =  157°  4r 
«  =  IfiX'  26' 
d  =  161"  fig' 
fl  =  151*»  47' 
«  =  XfiT  iM' 
a  =r  14fi«»  4^ 
e  =  139'  52' 


«'=:ll»32'. 
^  =  34P  38'. 
C  =  15**  18'. 

e'rzi.as-  4'. 

^  =  22°  13'. 
^=1^^  34'. 
a^=:28!'    S*. 

ar  =  28r  i«:. 

fl' =139*82'. 
^=a4*'14'., 
ras^O"    8'. 


Combination  of  the  Rhombic  Bodecahedron  and  Thzee-fibc##  Octa- 
hedzon.— ^Whcn  the  faces  of  the  rhombic  dodecahedron  r^  r^  r-, 
&c.  (Fig.  78),  predominate,  a  three-faced 
solid  angle  of  the  three-faced  octahedron 
^replaces  each  three-faced  aolid  angle  of 
the  rhombic  dodecahedron. 

"When  the  faces  of  three-fe«ed  octa- 
hedron *i  b.^  *3,  &c.  (Fig.  79),  predomi- 
nate, each  edge  of  the  three-feoed  oota*- 
hcdron,  which/  joina  its  eight-feoed  sodid 
angles,  is  replaced  by  a  plane  of  the  liiombic  dodecahedron. 

If  1  1  n  be  the  symbol  of  the  thDae^-faoed  octahedion^  fl 
the  angle  of  inclination  of  b^  to  r„  or  ^3  to  ri,  tT  th«t,of  their  nonnals. 


Fig.  78. 


Fig.  79. 
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For  the  form  1,  1,  f| 

For  Che  form  1,  1,  ^ 

For  tjie  form?  1,  1,  |< 

For  the  form  1, 1,  J 

For  the  form  1,1,  2 

For  the  form  1,  1,  3 

For  the  form  1,  I,  4 


'  =  180*  -  e. 


6=145'  9' 
0  =  150';30' 
0  =.ldilf  4fi' 

«=160»32' 
0  =  166^  44' 
0  =  169^  58' 


er  =  34*  51'. 
er  s=  29''  s(y. 

r=25'14'. 
^  =  22'  0'. 
e*  =  19^  28'. 
^  =  13"  16'. 
e'  =  10*    2'. 


Gombiiuttion  of  the  BJiombic  Dodecahedron  and  Twenty-fons-Faoed 

cay loKedian  ^r—For  the  trapezobedvcm,  whose  symbol  ia  1,  2,  2, 
"When  the  faces  of  the  rhombic  dodecahedron  r^  ri  r^r  &c.  (Fig.  SO),  prodominate, 
the  edges  of  the  rhombic  dodecahedron  arc  replaced  by  planes 
^i  *2  <^»  ^^'  0^  *^®  trapezohedron. 

"WTien  the  faces  of  the  same  form 
of  the  trapezohedron  a^  a.^  Oo,  &c. 
(Fig.  81),  predominate,  each  four- 
faced  solid  angle  of  the  trapezohedron, 
which  terminates  its  rhombic  axis,  is 
replaced  by  a  plane  of  the  rhombic 
dodwcahedson  r^  r^  rs,  &c, 
^'^'  If  1  m  w  be  the  symbol  of  the 

trapezohedron,  whea  m  is  greater  than  2,  the  four-faeed  solid 
angles  of  the  rhombic  dodecahedron  are  replaced  by  the  four- 
faced  solid  angles  of  the  trapezohedron,  which  terminate  its  cubical  axes.  When  m  is 
less  than  2,  the  three-fficed  solid  angles  of  the  rhombic  dodecahedron  are  replaced  by  the 
three-faced  solid  an^es  of  the  trapezohedron. 

If  I  «i»  m  be  the  symbol  of  the  twenty-four-faced  trapezohedron,  0  the  inclination  of 
«^  to  rj  <Jr*f*4,  of  flg  "to  fj  or  T5,  4e.,  ^  Iztat  or  their  ttonmdh, 

1  +  ^ 


Fig.  81. 


nn«    0  = — 

^  =  180"  - 

~0. 

1/2(1  + 

1) 

For  the  form  1,  f,    f 

9=r^  5' 

tr  =  3r  55'. 

For  the  form  1,  f ,    f 

fl  =  149''    2' 

6^  =  30^58'. 

For  the  form  1,  2,    2 

0=16^    0' 

^  =  30^    0'. 

For  the  form  1,  |,    ^ 

0  =  149°  51' 

e'=:30'    9'. 

For  the  form  1,  |,    f 

9  =  149»  12* 

ff  =  30'  48'. 

For  the  form  1,  3,    3 

0  =  148'  3r 

ff  =  31°  29'. 

For  the  form  1,  4,    4 

0  =  146^  27' 

r  =  33°  33*. 

For  the  form  1,  10,  10 

a  =  140-  22' 

^  =:  39°  38'. 

For  the  form  1,  12,  12 

0  =  139'  32' 

0'  =  40'  28'. 

Forthefbnnl,  16,16 

^=138' 27' 

ff  =  41°  33'. 

Forthefbrml,  40,  40 

0  =  136°  25' 

tf'  =  43°  35'. 
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Combinatioa  of  the  Rhombic  Bodeoahedzon  and  Four-faced  Cube. — 

When  tho  faces  r^  r^  r^  &c.  (Fig.  82),  of  the  rhombic  dodeca- 
hedron predominate,  each  four-fiEused  solid  angle  of  the  rhombic 
dodecahedron  is  replaced  by  a  fonr- 
faced  solid  angle  of  the  four-faced 
cube. 

When  the  &oes  of  the  fonr-&ced 
cube  e^e^CiCi,  &c.  (Fig.  83),  pre- 
dominate, the  edges  of  the  four- 
faced  cube  which  join  its  three- 
faced  solid  angles  are  replaced  by 
planes  of  the  rhombic  dodecahedron  ^    ^^ 

If  1,  m,  Qo  be  the  symbol  of  the  four-fiiccd  cube,  0  the  inclination  of  ^  or  c^  to  r^,  or 
of  ^1  or  <;2  to  Tj,  &c.,  ff  that  of  their  normals, 


1 

+1 

Cos.  e  =  -^= 

er  -  180°  -  e. 

1/2 

c^+i) 

For  the  form  1,  J,  00 

6=173"  40' 

6=    6°  20'. 

For  the  form  1,  |,  00 

B  z=  nr  62' 

0'=    8°    8'. 

For  the  form  1,  j,  00 

0  =  168°  41' 

ff  =  11°  19'. 

For  the  form  1,  2,  00 

$  =  161°  34' 

0'  =  18°  26'. 

For  the  form  1,  i,  00 

e=166°48' 

0'  =  23°  12'. 

For  the  form  1,  3,  00 

0  =  163°;26' 

ff  =  26'  34' 

For  the  form  1,  4,  00 

0=149^    2* 

0r  =  30^58'. 

For  the  form  1,  6,  00 

0  =  146'  19' 

0'  =  33'  41' 

Combination  of  the  Hhombic  Dodecahedron  and  Six-fi^ed  Octahedzoa. 

— ^When  the  symbol  of  the  six-fiiced  octahedron  is  1,  m,  fi,  and  the 
form  such  that  mn  =  m-^n.  If  the  fEU^es  of  the  rhombic  dode- 
cahedron r,  r^  ra,  &c.  (Fig.  84),  predomi- 
nate, the  edges  of  the  rhombic  dodeca- 
hedron are  replaced  or  berelled  by  two 
planes  of  the  six-feu^  octahedron. 

When  the  fEuses  e^  e^  «|,  &c.,  of  the  ^ 
six-faced  octahedron  (Fig.  85),  pre- 
p.    ^  dominate,  each  four-faced  solid  angle 

of  the  six-faced  octahedron  is  replaced 
by  a  plane  of  the  rhombic  dodecahedron. 

When  mn  is  greater  than  m  -f-  n,  the  four-fiBU^ed  solid 
angles  of  the  rhombic  dodecahedron  are  replaced  by  the  eight-faced  solid  angles  of  the 
octahedron. 

When  m  »  is  less  than  m  -{-  »,  the  three-faced  solid  angles  of  the  rhombic  dodeca- 
hedron arc  replaced  by  the  six-faced  solid  angles  of  the  six-faced  octahedron. 


ng.8*. 
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If  1,  m,  n  be  the  Bymbol  of  the  six-faced  octahedron,  9  the  inclination  of  r^  to  e^  or 
e^  or  of  Ti  to  $i  or  t^,  &c.,  9  that  of  their  normals,  ~ 


1  + 


cos.  e  =5 


^  =  180  -  9. 


V2(^+i^+n>) 


For  the 
For  the 
For  the 
For  the 
For  the 
For  the 
For  the 
For  the 
For  the 
For  the 
For  the 
For  the 


form  1,  i,  * 
form  1,  }},  64 
form  1,  },  2 
form  1, «,  VI 
forml,    f,  4 
form  1,    I,  3 
form  1, 1  ti  5 
form  1,    2,  4 
form  1,  V,  V 
form  1,  V,  4 
forml,   i,   7 
form  1,  4,  8 


163'  56' 
:  179'  13' 
:  166**  48' 
:  157'  4(y 
:166'  6' 
:  160*  64' 
:  162'  59' 
:  167'  47' 
:  165'  20' 
:  155'  12* 

:i57'  r 

;  148'  21' 


9  ', 
^z 
$'  z 
9z 

ftz 

ff'. 

erz 

9z 
9' 


=  26'  4'. 
:  0'4r. 
:  23'  12'. 
:  22'  20'. 
:  13'  54'. 
:19'  6'. 
:17'  1'. 
:  22'  13'. 
:  24'  40*. 
:  24=*  48'. 
:  22'  59'. 
:  31'  39'. 


CoaplicAteA  Gom^lnatioiis  off  tlM  FonM  off  tho  CuUeal  System.— 

Instances  of  more  complicated  combinationB  of 
the  forms  of  the  cubical  system  than  tiiose  already 
given  frequently  occur;  but  a  dOigent  study  of 
the  simple  ones,  already  giren,  will  enable  us  to 
determine  readily  to  what  form  each  fiice  of  the 
crystal  should  be  refened.  The  determination  of 
the  forms  to  which  the  foces  of  a  crystal  are  pa^- 
raliel,  is  technically  termed  <<  reading  a  crystal;" 
the  particular  species  to  which  each  form  belongs 
is  generally  found  by  measurement  of  the  angles 
with  a  goniometer.  Many  species,  howeyer,  may 
be  recognised  by  obserring  the  parallelism  of  the 
edges  of  the  fooes  to  one  another,  according  to 
what  is  called)  the  som  theory.  This  will  bo 
described  hereafter.  Fig.  86. 

We  have  already  giyen  an  instance  of  a  complicated  combination  of  forms  in  a 
crystal  of  Fluor  spar. 

The  simple  combinations  of  forms  already  given  enable  us  to  read  this  crystal  with 
ease,  and  show  that  the  faces  Pj,  P,,  P5,  &o.,  are  faces  of  the  cube ;  r|  r^  &c.,  r^  those 
of  the  ihombio  dodecahedron ;  A|  o,  and  a,,  arc  faces  of  the  twenty-four-faced  trapezo- 
hedron ;  ^j  ^2  ^^^  A3  of  a  three-fiieed  cube ;  and  $1  e^  ^,  ftc.,  e^  the  frees  of  a  six-faced 
octahedron. 

It  requires,  however,  actual  measurement  of  the  inclination  of  the  faces  to  deter- 
mine the  paitieular  species  of  the  last  three  forms. 

In  some  works  on  Mineralogy,  as,  for  instance,  the  early  editions  of^Phillips's  **  Mine- 
ralogy," the  inclinations  only  of  such  faces  are  given  without  any  reference  to  their 
aymbols;  in  other  works,  such  as  the  elaborate  description  of  Mr.  Turner's  coUcction, 
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by  Leyy,  from  Krhick  Fig.  86  is  taken,  the  faces  are  indicated  only  by  their  eymbolB, 
and  the  angles  are  not  given. 

The  tables  annexed  to  the  previously  described  simple  combinationB  will  afford  the 
student  a  ready  means  of  recognising  the  species  of  the  forms  from  the  angular  mea- 
surements given  by  Phillips ;  or  of  supplying  fboae  measurements  to  the  crystals  ' 
described  by  Levy.  , 

The  faces  a^  a^  a^  arc  marked  a^  in  Levy's  figure ;  hence,  they  arc  tajnw  of  a  ^ 
twenty-four-faced  tcapezohedron,  whose  symbol  is  133  (sec  symbols  of  this  figure, 
p.  305).  ! 

The  faces  3j  dj  ^3  <^>^  marked  a^  in  Levy ;  they  are  faces  of  a  three-faced  octahe- 
dron, whoso  s3rmbol  is  112.    The  faces  e^e^e^e^  e^  e^  are  marked  %  =  l^  6*  b\  and  are   ' 
fru^es  of  a  six-&oed  octahedron,  whose  symbol  is  1,  2,  4  (sec  p.  315). 

The  inclination  of  the  face  Pj  to  aay  of  the  faces  ^-^  Vr,  r^  or  r^^  is  ISS''  (p.  316).         ' 

The  inclination  of  P^  to  aj  is  154'  46',  and  of  P^  to  a^  or  a^  107'  33'  (p.  317).  : 

The  inclination  P3  to  b.^  or  63  is  lai"  49',  and  of  Pj  to  h^,  is  109=*  29'  (p.  316).  | 

The  inclination  of  P*  to  64  or  e^  is  150**  48',  to  e^  or  e^  is  115'  53',  and  to  e^  or  e^,    I 
102'  36'  (p.  319). 

The  inclination  of  r^  to  dj  or  tf^,  or  of  r^  to  e^  or  a^,  is  157^  47'  (p.  325). 

The  above  is  sufficient  to  show  how  the  inclinations  of  the  faces  of  a  crystal  to  each    ' 
other  may  be  determined  from  a  knowledge  of  their  symbols. 

Sphere  of  Pmjetflton. — If  we  suppose  the  oebe  in  yr^h,  each  of  Ae  forms  ' 
of  the  cubical  system  have  been  inscribed,  pbu»d  in  a  sphere,  whose  contre  shall 
coinQidc  with  the  centre  of  the  cube ;  then,  if  lines  be  dntwn  perpendkxdBr  to  tike 
faces  of  each  form  from  the  centre  of  the  sphen,  and  produced  tOl  tiiey  cut  the  snr&oe 
of  the  sphere ;  the  points  where  they  out  the  sphere  wiU  serve  tn  indications  of  'tke 
faces  to  which  they  are  perpendicular,  or  to  w^oh,  in  mathenntioal  language,  they  arc 
the  normals.  These  points  arc  called  the  polm  of  the  fkces  of  the  crystal  to  whleh  tiiey 
are  perpendicular.  A  map  of  all  the  fbrms  whieh  we  have  hitherto  dsaeribed  maty  tiims 
be  indicated  on  a  globe ;  and  since  tho  inclination  of  the  normals  to  any  two  phmea  is 
always  tho  inclination  of  the  faces,  Isib  180";  a  globe,  with  the  poLea  of  the  fiaces  of 
an  the  forms  of  a  crystalfinc  substance  described  on  it,  wiU  enable  us  speedily  to  deter- 
mine the  indination  of  any  one  face  to  another,  by  simply  measuring  the  distance 
between  their  poles,  and  subtracting  this  from  180°. 

This  method  of  mapping  crystals  was  invented  by  Profosior  Neam«nn,  of  Kilnigs- 
berg. 

Zones. — In  the -combinations  of  crystals,  it  frequently  occurs  that  «nne  e^oa  are 
parallel  to  one  another;  instsnceB  <9f  this  will  be  ssen  in  Figs.  5ft,  99,  64,  ^,  n,  71, 
and  many  others.  The  poles  of  the  faces,  whose  intersections  are  parallel  to  eadi  otiier, 
an  lie  in  a  great  cirele  of  the  sphere  of  pro}eeiio&--a  great  oirde  being  tlas  iatereection 
of  a  phme  passing  through  the  oentre  of  tiie  sphere  and  its  aurfiioe.  When  three  or 
more  faces  of  a  crystal  have  their  poke  in  the  seme  great  rnvky  Ikey  are  said  to  Aitm  a 
20fM,  and  the  gnat  eirele  is  called  a  son$  tireU, 

BKape  of  Crj^tfCiA, — A  map  may  be  drawn  on  a  plane  surface,  lopiaaeiiUny  liie 
sphere  of  projection,  with  the  poles  of  an  the  ihees  of  a  ciystal.  6udi  ina|B,  when 
understood,  convey  to  the  mind  a  vast  degree  of  isfbrmation  relsti^teto  the  innlTiiations 
of  the  &ces,  which  could  not  otherwise  be  repreaented,  adh^  many  proUems  in  crys- 
tsDography,  and  exhibit  the  position  of  the  most  important  zones.  PMfiMsor  Miller, 
of  Cambridge,  has  inserted  an  exceedingly  valuable  series  of  these  maps  of  d^Blals  in 
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tlie laot  editian  of  BhUiiipB^miBcniogy.  Tho  antlioiB  of  the  praMOi tnaftiM  tAhethis 
oppoxtnnitf  of  exgneaag  tiunr  oldagation  to  BfiofaMor  Milkr'fe  mak,  i»  wbidh  they 
would  heg  to  iBlGEir  all  Hbmm  iriio  wdqM.  wish  to  iMCter  the  aoienee  of  •crystaUognphy. 

TheiMttreographie  prqfeeticB  d  the  sphetie,  in  which  the  eye  of  4he  oheflrrer  is  sup- 
piaed  to  be.pbu»d  oa  the  B«ifiu»  of  the  Qi^iereiathe  pole  of  the  gEeaioiz^ 
the  sphere  ia.pcojected,  is  that  geaeeBUy  made  uae  of  ^ar  thaee  maps.    It  poeimes  th^ 
advantage :  all  circles  <m  the  sphere  are  represented  on  the  nu^  1i|y  ttmight  Jiftes  or 
aaoB  of  cHBliB. 

Map  of  the  principal  Zones  off'ttTaCwMeaLgyiiemi    VithPtiasa  eenbre, 


aod.  a  laania  Pj  P,of  any  ( 
length,  deasribe  a  cxiclePs  P3  P4  P5. 
ThEOtfJB^  P,  d»w  the 

ottier. 

With  P5  aa  a  eentm,  and  ladins 
equal  P<  P^  or  P5  P4,  deaonhe  the 
arc  P4  r^  P2,  cutting  P3  Pj  in  r^ 

With  P„  P,  and  P4  as  centres, 
and  radii  equal  to  the  iMmer,  de- 
scribe similar  arcs,  cutting  Pj  P5  in 
ri,  P,  P4  in-Ta^  and  Pj  Ptin-fi. 

I«t  Qi  O2  O3  O4  be  the  points 
where  these  ans  hitBraeot  each  other. 

Join  P^  Oi,  Pi  O3,  Pi  O3,  Pi  Oi, 
and  piodace  them  to  ent  the  oinle 
Pg  P3  P|  in  the  points  r^  r^  r,  and  r^,. 

Figure  87,  thus  described,  is  an 
orthographic  projection  of  the  sphere, 
representing  a  hemisphere'with  the  principal  zone  circles  of  the  cubical  system.  , 

I*i>  P»  I*«i  ^i)  and  P„  are  the  poles  of  the  feces  of  the  cube,  indicatDd  by  the  same 
letters  in  the  prceeding  :figures ;  o^  0^  0^  04  the  poles  of  the  octahedron;  i\  r^  r^  the 
poles  of  the  faees  of  the  rhombic  dodecahedron.  Pi  r,,  r^  Pj,  P2  ^of  <u)d  the  similar 
lines  and  ases,  r^resent  arcs  of  great  circles  4^  in  length. 

If  the  north  pole  en  a  globe  be  chosen  as  the  pole  of  Pj,  the  equator  will  rcprcsont 
the  circle  Pj  P3  P4.  Let  Pj  be  the  point  where  the  first  meridian  of  longitude,  Pj  Pg, 
cuts,  the  equator ;  then  P4  will  be  the  point  where  the  meridian  of  180",  andPa  and  P*, 
the  points  where  the  meridians  of  90"  east  and  west  longitude,  cut  the  equator. 

I*t  ri  r J  r,  r^  he  the  points  where  the  circle  of  Utitude  of  45^  cats  these  meridiana ; 
'•5  *"•  *!  ^%  points  in  the  equator  equidistant  from  P^  Pa,  &c.  Ihraw  great  circles  passing 
throo^  P,  Tfa  Pfi  r„  ^3  r^  intersecting  in  ©i,  and  similar  eiroles  for  the  other  octants  of 
the  spheve,  and  the  map  Fig.  87  will  be  dsscribed  on  tho  globe.  If  such  a  map  be  thus 
delineated  on  a  black  gbbe,  or  one  of  date,,  an  approximation  to  the  angles  given 
in  the  desczintian  of  -the  feces  and  ^bpir  com^lnatioag,  in  the  previous  part  of  this 
ticatise,  may  be  made, — particularly  when  *fhe  poles  of  other  forms  ore  marked 
on  the  globe  by  matiiedB  which  will  be  presently  deBcribed.  The  arc  Fi  P^, 
measured  by  the  brazen  meridian,  or  by  the  flexible  brass  meridian  usually  sold  with 
globoid  tiria  give  Ihedndinatiea  of  two  a^aeent.feces  of  ihe  cute.;  the  distanee  between 
r I  teid  J^,,^ sioMiaHy  iiiiiwiMinil,  the  inaUiiaiBon  ef  the  nosmaiaof  tiro  adjacent  feee» of  the 
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rhombic  dodecaliedron ;  0|  o,  that  of  the  nonnala,  of  adjacent  fiiuses  of  the  octahedron  ; 
Pj  0^  of  the  normals  of  the  faces  of  the  cube  to  that  of  the  octahedron,  repocesented  b j 
those  letters ;  r^  o^  of  the  rhombic  dodecahedron  to  the  octahedron ;  and  so  on. 

The  great  circles  represented  in  Fig.  87  by  the  lines  P,  P4  and  P,  P^,  and  by  the 
circle  P,  Fj  P4,  are  the  zones  in  which  the  poles  of  the  fouT'faeed  cube  always  lie,  one 
polo  lying  in  each  of  the  arcs  represented  by  the  letters  P  and  r,  and  at  the  same 
distance  from  P  in  each  arc. 

The  poles  of  l^e  four-factd  cube  lie,  therefore,  in  the  zone  circle  passing  thzoDgfa. 
the  poles  of  the  cube  and  rhombic  dodecahedron. 

The  poles  of  the  iwmty-fimr'factd  traptzohtdmn  always  lie  in  one  of  the  area 
terminated  by  the  letters  P  and  0,  one  in  each.  Thus  one  pole  will  lie  in  Pj  o^,  one 
in  P2  Oj,  one  in  0|  P^*  ftc.,  and  each  pole  will  be  at  the  same  angular  distance  in  those 
arcs  from  Pj  Pj  P5,  &c. 

The  poles  of  the  thrte-faeed  octahedron  always  lie  in  the  arcs  terminated  by  the 
letters  0  and  r,  one  in  each.  The  poles,  therefore,  of  erery  form  of  the  twenty-fonr- 
fSftced  trapezohedron  and  three-&ced  octahedron  lie  in  zones,  which  pass  throu||^  poles 
of  the  cube  octahedron  and  rhombic  dodecahedron. 

The  poles  of  the  six-faeed  octahedron  neycr  lie  in  any  of  the  zonee  repro- 
sented  in  Fig.  87.  They  always  lie  within  one  of  the  spherical  triangles  For,  one  in 
each  triangle,  and  similar  situated  to  its  angular  points. 

The  above  fincts  will  be  seen  more  clearly  by  a  reference  to  Figs.  89  and  90,  in 
which  the  letters  Oj^Oj  03  represent  the  poles  of  a  Ivfrnty-four-faeed  trapezohedron; 
by  h.^  *3,  those  of  a  three-faced  octahedron;  c^  c^  &c.,  Cg,  those  of  a  fowr-faeed  cube; 
fi  «2  ^3»  &c.,  fei  tlio»e  0^  *  eiX'faeed  octahedron. 

Describe  a  square  (Fig.  88),  B5  Bg  B7  B.,  about  the  circle  P,  P3  Pu  touching 
it  in  the  points  P,  Pj  P4  and  Pg. 

^2 Pt 


Join  P,  P5,  Pj  P4,  B,  Be,  and  B^ 
Bs ;  the  last  two  cutting  the  circle 
in  the  points  r^  r^,  r^  and  r^. 

With  Be  as  a  centre  and  radius 
equal  Bg  r^  or  Bg  r^,  describe  the 
arc  r^  r^  r^  r,,  cutting  P,  P3  in  r , 
andPiPjinr,.  With  B5,  Bg  and 
B7  as  centres,  and  with  the  same 
radius,  describe  the  arcs  r^  r^  rg, 
r^  r,  rg,  and  r,  r^  r^. 

The  points  indicated  by  the 
letters  P  and  r  will  represent  the 
same  poles  as  in  Fig.  87.  Each 
arc  such  as  r-i  r,  r  j  r^  will  repre- 
sent the  half  of  a  zone  circle,  in 
which  all  the  poles  of  the  six- 
fSaced  octahedion  whose  symbols 


are  of  the  foim  1,  - 


,  n  will 


Uc. 


Theriz-faced  octahedrons  1,  |,  3;  1,  |,  4 ;  and  1,  f|,  6i,  fulfil  this  condition, 
'When  wc  meet  with  the  edges  of  the  rhombic  dodecahedron  bereUed  by  pUnes  of 
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the  Bix-fi&cedoctahedxon,  aa  shown  in  Fig.  84;  we  know  that  the  poles  of  the  six-faced 

octahedron  lie  in  this  «one^  andmnst  hare  its  symbol  of  the  form  1,  ,  n. 

•»  —  1 

Draw  the  arcs  P3  r^,  P,  r,  and  Pj  rj,  as  in  Fig.  88.  Let  «i  be  the  point  where 
r,  r|  cnts  Pj  r^  a.^  that  where  Tj  r^  ents  r,  P^  and  03  that  where  r,  r^  cuts  P3  ri. 

Oio^ihi  '^inll  be  poles  of  the  twenty-foor-fiusedtrapeisohedron  whose  symbol  is  1  2  2. 
These  lie  in  the  same  zone  as  those  of  the  8ix-&ced  octahedrons  whose  symbols  are  of 

the  form  1,  _^-,  «. 

When,  therefore,  the  intenectionB  of  the  rhombic  dodecahedron  with  a  twenty-four- 
£wed  txapeachedron  make  parallel  edges,  aa  in  Fig.  80,  we  .know,  without  measuring 
ita  angles,  that  the  trapesohedzon  is  that  whose  symbol  ia  1  2  2. 

To  DeUrmiM  the  Position  of  the  Poles  of  the  Paces  of  the  Different  Forms  of  the  Cubical 
System  on  the  Sphere  of  Projection, 
The  Twenty-four-faeed  Tra/MsoA^c^ofi.— The. angles  marked  e'  under  the  article 
«  Combination  of  Cube  and  Twenty-fbur-fsoed  iSrapesohednm,"  page  317,  will  give  the 
circle  of  latitude  which  will  cut  the  zone  Pj  r^  in  a^  (Fig. 
89)  for  each  form  of  the  trapezohodron,  and  the  angle 
^'  the  drde  of  latitude,  which  will  cut  the  zones  P,  r^ 
and  P3  Tyf  in  a,  and  Oy  reckoning  each  circle  of  latitude 
firom  Pi  aa  the  north  pole.    Thus,  for  the  form  1,  2,  2,  a^ 
is  the  point  where  the  circle  of  latitude  ZSi"  16'  cuts  P|  r^ 
and  Aa  and  Og  the  points  where  the  circle  of  latitude 
%&>  54'  cuts  r,  P,  and  r^  P3. 

Three  poles  may  be  similarly  described  in  each  of  the 
other  octants  of  the  sphere,  and  thus  the  poles  of  the 
Fig.  89.  twenty-four  faces  of  the  trapezohedron  may  be  placed  on 

the  sphere  of  projection. 

The  Three-faeed  Octahedron Under  the  article  "  Combination  of  Cube  and  Threc- 

fBoed  Octahedron,"  page  316,  9  gires  the  circle  of  latitude  for  each  particular  form  of  the 
three-fiused  octahedron  whitdi  cuts  the  zones  r^  P3,  and  r,  P„  in  the  polos  ^^  and  ^,  ^' 
the  circle  of  latitude  which  outs  the  zone  P^  r^  in  h^ 

By  means  of  the  angles  9  and  ^',  the  poles  of  all  the 
known  fonns  of  the  three-faced  octahedron  may  be  fixed 
on  the  ^hare  of  projection. 

The  Fou^faced  Oube.'-XJndBt  the  article  "  Combination 
of  Cube  and  Four-faced  Cube,"  page  318,  0'  giyes  the 
circle  of  latitude  which  cuts  the  zones  Pi  P,  and  P|  P3  in 
the  poles  of  the  four-£iced  cube  «i.and  ^  and  ^'  the  cirde 
of  latitude  which  cuts  the  same  zones  in  the  poles  e^  and 
e^;  the  poles  e^  and  e^  are  distant  from  P,  and  P3 
respectively  0'  degrees  in  the  zone  P,  P3. 

We  can  thus  determine  the  position  of  the  poles  of  all  

the  known  £ncms  of  the  four-faced  cube  on  the  sphere  of  projection.   ^ 

The  Six-faced  Octahedron.^ThB  following  table  will  enable  us  to  fix  the  poles  ol  the 
aix-faoed  octahedron  on  the  sphere  of  projection,  considering  P|  (Fig.  90)  as  the  north 
pole,  Pi  P,  the  first  meridian  of  longitude,  and  P,  P3  the  equator  :— 


Fig.  90. 


Digitized  by  LjOOQ IC  ^"^ 


330 


HEMI^EIHLiCL  VttBMS  OF  CVBiOAL  BffSTEM. 


For  flie  form  1,  ^,  ^. 


For  Aie  fonn  1,  ^,  64, 
For  the  form  1,  ^,  2, 


Lat. 

Lon. 
For  the  form  1,  ^y  V>   ^a*- 

Lon, 
For  the  form  1,  |,  4, 


Latitude  of  pole  ^j  =  4d*. 

Longitude  of  e^  zs,  36"*  52'. 

Latitude  of  pole  «2  =  55^  33'. 

Longitude  of  tSj  =  SQPid&, 

Latitude  of  pole  Aj^t:  64"  54\ 

Longxtode  of  «,  =  99*  89'. 

Lat.  *,  =  4r^3'.    Lattjs 

Lon.  f,  =  0"*    55'. 

<?!  =  42°  2'. 

*i=33^41. 

tfi=r4r0'. 

*i  =  32**  2«'. 

tf,  =  38"  20'. 


45" 

Lon.  «2  =  0° 


Fur  the  form  1,  ^,  3, 
For  the  form  1,  J,  5, 
For  the  form  1,  2,  4, 
For  the  form  1,  V»  V» 
For  the  form  1,  V?  4> 
For  the  form  1,  ^,  7, 
For  tlie  form  1,  4,  8, 


•^i- 


Lat. 

Lon.  ei  =  18"  26'. 

Lat.  61  =  36^2*. 

Lon. 

Lat. 


==  26*  34'. 
=  32"  19'. 


27'. 

64' 
9'. 
Lon.  «j  =r26*  34'. 
Lat.  Aj=:M*'24'. 
Lon.  4=  as**  1'. 
Lat.  «J=63"58'. 
I^n.  Cj  =  14°  'T. 
Lat.  ^2  =  ^7°  41'. 
T-on.  eg  =  1«"  26'. 
Lat.  ^2=  59°  32'. 


Tx)n.  <?i  =  ir  26'.  Lon.  ^3  =  11°  19'. 


Lat.  %=:8e"22'. 
Lon.  63  =  44°  33'. 
Lat.  ^3  =:  68'  12*. 
LoH.  «3^=S6»«2'. 
Lat.  «3  =  60<>  38'. 
Lon.  A,  =1 86**  W. 
Lat.  C3  =  78°  41'. 
Lon.  63  =  36"  52'. 
Lat.  ^3  =  74°  30'. 
Lon.  63  =  33*  41'. 
Lat.  e^  =r-80°  W. 
Lon.  C3  =  30'  58V 
Lat.  f3=:7r24'. 
Lon.  #3  =  26°  34*. 
Lit.  «3  =  7r  3'. 
Lon.  ^3  =*24°  26'. 


Lat.  cjr=:  67°  W.   Lat.  ^3=  T7°  6'. 
Lon.  e^  =z  14°  2'.    Ix)n.  63  =  23°  38', 

Lat.  ^3=82^31'. 

Lon.  ^3  =  23°  12'. 

Lat.  «3  =r  86°  5'. 

Lon.  63  =  14°  2'. 


Lat.   «i  =  29*  12'.    Lat.  e^  =  64°  7'. 
Lon.  tf,  =  26°  34'.    Lon.  <'o  =  14°  2'. 
Lat.  €1  =  27°  56'.     I^t.  Tg  ==  66°  19'. 
Lon.  ^1  =  30°  68'.    .Lon.  <?.  =  15°  15'. 
Lat.  e^  =r  26°  45'. 
Lon.  f  1  ^=  29^  45'. 

Lat.  Ci  =  24°  19'.     Lat.  e^  =  67°  1'. 

Lon.  fi  =  18"  26'.    Lon.  Cj,=z  8°  8'. 

I^t.  ei  =  IS**  37'.     Lat.  ^.,  =  76^-4'. 

Lon.  e^  =  28'  34'.    Lon.  e^  rr  6°  23'. 

The  latitudes  of  the  poles  Cg  e^  and  e^  (Fig.  90)  are  the  same  Tespeotiyety  as  those  of 

e^^  e.^  and  ^3 ;  and  flie  longitudes  of  Cg  ^^  and  ej  areTe8pectivel745'  gn*atcr*thBn  those  6f 

Remihedzal  Foxnu  of  tiie  Cnbical  Bystem.— It  has  %een  alreody  observed 
(page  294)  that,  with  the  exception  of  the  cube  and  fhombic  dodewdieflron,  anotiter 
series  of  forms  may  be  derived  from  the  fbrms  of  fhe  cubical  system  'windi  vre  have 

deacribed, 'by  producing  half  their  feces  to  meet 
one  another  after  certain  laws.  Theae  forms, 
from  fke  metiiod  of  their  derivatibn,  are  ealled 
hemili&drdly  or  half-faced.  We  shall  proeeed  to 
describe  them. 

The  'VetnSMOxon.— If  Ve- describe  a  cu%c 
(Fig.  9T)  as  directed  in  page  298,  the  figure 
whose  outline  is  bounded  by  the  lines  A^  JLj, 
A4  A5,  A4  A„  A,  A„  A,  As,  (Fig.  92)  A^  A,, 
will  bo  a  tetrahedron,  'formed  by  the  develop- 
-ment  of  ^e  ikces  of  tike  oetBhedrai  opposite  to 
the  angular  points  A^  A^  A^  md  A^  ^  the 
cabe.  This  is  called  the  pniHm  ^imkedrM. 
(Fig.  93)  may  be  formed  "hy  tile  devefopment  of  tiie 


Flg.'9i. 
Another  tetrahedron,  Aj  A3  A^ 
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faces  of  tile  octahedron  opposite   to  the  angular  points  A,  A^  A5  and  A,  of  the 
cube.    TMs  tetrahcnbrom  is  precisely  snaflw  to  the  Anmer  in  magnitu^y  but  differs 


Pig.JB. 


Fig.  98. 


from  it  in  its  position  'with  regard  to  the  cube  in  which  is  is  inscribed.  It  is  called 
the  negative  tetrahedron.  With  some  forms,  the  combinations  of  the  positive  tetra- 
hedron are  different  from  those  of  the  negative  tetrahedron. 

Faeety  Angles,  Edges,  Sje. — ^Thc  tetrahedron  is  bounded  by  four  similar  and  equal 
plane  faces,  such  as  A^  Ag  A«  (Fig.  93),  each  of  which  is  an  equilateral  triangle.  It  has 
four  three-faced  solid  angles,  which  touch  the  alternate  three-faced  solid  angles  of  the 
cube  in  which  it  is  inscribed ;  six  equal  edges,  one  of  which  corresponds  with  one 
diagonal  of  the  face  of  the  cube,  for  CYcry  face;  the  enbieal  axes  join  the  centres  of  the 
opposite  edges ;  one  half  of  each  oetrahedral  axis  coincides  with  that  of  the  cube,  while 
the  other  half  is  cut  by  a  ieice  of  the  tetrahedron  at  a  third  of  its  distance  from  the 
centre.  The  adjacent  faces  of  the  tetrahedron  are  inclined  to  each  other  at  an  angle  of 
70*^  32',  and  their  normals  consequentiy  at  an  angle  of  109^  28'. 

Symbols. — The  symbol  for  this  form  is  ■^.     Naumann's  symbol  for  the  tetrahedron 

is  ^  ;  Milter's,  k  111 ;  froquenttytiio  same  symbol  is  used  as  for  the  octahedron,  only 

intimating  that  it  is  a  hemihedral  form. 

2b  dsseribt  a  neifor  the  Tttrahedt^on  which  wuiy  be  inscribed  in  a  gicen  cube. 
Draw  a  line  A4  A,  (Fig.  94)  eqad  to  the  line  A4  A^  (Fig.  91) ;  on  this  deiaribe  an 


Pig.  95. 

equilaleiil  triangle  A^  A^  A».    This  will  giro  a  £ice  of  the  totrahodnm. 
Four  such  faces,  arranged  as  in  Fig.  95,  will  form  the  required  net. 
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CryetaU  of  th$foUowing  mmsrals  h0cefac€s  paraUel  to  tlt»  TetraJt^ron, 


Blende  (sulphuret  of  zinc).  EnWtine  (bismuth  blende) . 

Fahlerz  (grray  copper). 
Fharmacosiderite  (aneniate  of  iron). 


Boracite. 
Diumond. 


Rhodixlto. 

Tonnaniitc. 

Tritonitc. 


Twelve-faced  Tzapecobedron.— The  ttcelve-facsd  trapezohedron  is  the  hcmilic- 
dral  form  of  the  thrw-faeed  octahedron.  It  haa  been  called  also  the  ddioidal,  or  the 
trapezoidal  dodecahedron. 

As  there  are  two  tetrahedroM,  one  positive  and  the  other  negatiye,  so  there  are  two 
twelvo-feced  trapezohedrons—the  positive  one,  Fig.  96,  and  the  negative,  Fig.  97. 

The  positive  trapezohedron  is  formed  by  the  development  of  the  faces  of  the  three- 
faced  octahedron,  forming  its  three-faced  solid  angles  opposite  to  the  edges  A,  A,  A, 
and  Ag  of  the  cube  (Fig.  34,  p.  303)  ;lthe  negative  trapezohedron  by  the  development 
of  the  solid  angles  opposite  to  the  edges  A,  A4  A,  and  A,  of  the  cube  (Fig.  34). 

Those  trapezohedrons  are  in  all  respects  similar  to  each  other,  except  in  their  posi- 
tion with  respect  to  their  circumscribing  cube,  and  their  combinations  with  other  forms. 


Fig.  96. 


Rg.  97. 


Faces,  Anglesy  ^ee.—The  tweke-faeed  trapetohedron  is  bounded  by  ttcelpe  similar 
and  equal  trapeziums,  such  as  **  Pj  Oj  P.  (Fig.  96),  having  the  edge  P^  **  equal 
P^  *4,  and  Oi  P,  equal  Oj  Pi-  It  has  four  three-faced  eolid  angles  which  always  Ue  in 
the  octahedral  axes  of  the  cube,  such  as  Oi,  0„  0^,  Og  (Fig.  96),  four  three-faeed 
solid  angles  b.^  3^,  J„  b,  (Fig.  96),  more  acute  than  the  former,  which  Ue  on  opposite 
sides  of  the  same  octahedral  axes ;  and  six  four-faced  solid  angles^  Vhich  always  lie  in  the 
extremities  of  the  cubical  axes  Pi  Pj  P4  &«• 
(Fig.  96).  There  are  twelve  shorter  edges 
joining  tiie '  solid  angles  marked  P  and  0,  and 
twelve  longer  joining  the  solid  angles  indicated 
byPandB.  . ..- 

Sgmbols.—Tho  symbol  for  this  form  is -^; 

Naumann'fl  is  -^  ;  Miller's  K.hld; 
2 

To  draw  tlhc  Twelve-faced   Trapezohedron.— 

Make  the  same   construction  as  for  Fig.  33, 

page  303,  and  add  the  following,  as  in  Fig.  98. 

The  letters  Bj  and  C  have  been  omitted  in  Fig.  98 ;  they  may  easily  be  supplied  by  a 

reference  to  Fig.  33. 
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In  B,  A|  take  a  point  H,  sach  that  B,  H  =:  ^rzri  ^$  ^v 

TliU8ifit=:2  B,n==2-^    B,Ai=|b.Ai. 

Take  G  K  in  C  Pi  equal  to  B^  H.    Join  H  K|  cntting  A^  G  in  bi. 

Through  b^  draw  ^i  d,  p&niUcI  to  Aj  A3  cutting  G  A,  in  b.p  and*&|  bi  parallel  to 
Ml  A4  cutting  G  A4  in  64 ;  and  so  on  till  the  cube  b^  b^  b^  &c.  b^y  ib  described  as  sho'U'n 
in  Fig.  98. 

Joining  the  points  P,,  P^,  &c.,  P^,  0^  0„  &c.,  b^  64,  &c.,  as  in  Fig.  96,  the  podtivo 
trapezohodron  will  be  described ;  and  joining  P^  P^  kCy  Pg,  0,  O4,  &c.,  b^  b^'&Cf  as  in 
f^.  97,  the  negatiye  trapezohedron. 

.AreM. — ^The  cubical  axes  terminate  the  opposite  four-faced  solid  angles,  and  coincide 
irith  those  of  the  cube.    One  half  of  each  octahedral  axis  is  cut  by  a  three-faced  solid 

angle  at  a  distance  G  Oj  =  „  thl  ^^  ^  centre  Q,  and  the  other  half  by  the  other 
three-faoed  aolid  angle  at  a  distance  G  ^  = 


irq[ 


fromG« 


As  n  varies  from  1  when  this  form  coincides  with  tetrahedron  to  oo  when  it  coincides 
-with  the  rhombic  dodecahedron,  G  0  increases  from  a  |rd  to  ^  of  G  A,  and  C  b  diminishes 
from  G  A  to  1  G  A. 

Jnelination  o/Ftieei  of  the  Twslve-faeed  Trapesohsdron.—l{  9  be  the  angle  of  indina- 
tkmof  two  adjacent  fieures,  over  an  edge  P  b,  and  ^  the  angle  over  the  shorter  edge  P  0, 

To  Describe  a  Xetfor  the  Twelve-faced  Trapezohedrony  toMch  may  be  ineenbed 
in  a  given  Cube. 

Dewaribe  the  figure  Aj  Pi  G  Bj  (Fig.  99)  the  same  as  A,  P^  G  Bj  (Fig.  36)  page  303. 

Take  G  K  and  H  Bj,  both  =    --U  GP,. 

Join  Aj  G  and  H  E,  cutting  in  b  and  then  join  Pj  b. 


Fig.  99. 


Fig.  101. 


'  Let  P,  Oi  P2  (Fig.  100)  bo  the  same  triangle  as  Pj  Oj  P^,  Fig.  36,  page  304. 
On  P\  Po  as  a  base  describe  an  isosceles  trlan£le  P^  b  P,  (Fig.  100),  having  each  of 
iU  sides  P,  b^  P,  by  equal  P^  by  Fig.  99. 
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Twelye  such  figures  as  0|  Pj  6  ?»,  aiiwiged  as  in  FSg.  101,  will  give  the  leqnired 


net. 


Forms  of  the    Twelve-faced  Trapezohedron.—ThG  fonn 


112 


20 

— -  Naumann ;  jc- 


122 


Miller ;  has  CO  =  |  CA,  and  C5  =  f  CA.    Inclination  of  faces  over  Vb  90%  fiiat  of 
their  normals  90" ;  oyer  the  edge  PO  152^  44%  tiiat  of  their  normals  2T  IC 
Faces  of  this  form  occur  in  Blende,  Diamond,  and  Pharmacosiderite. 


1!ho  foEm 


lU  fO 


Nai 


2  .  2 »  ic.283  Miller;  has  CO  «  f  CA  and  C3  =  |  CA.  In- 
clination of  faces  over  the  edge  P5  82**  9',  that  of  their  normals  97'  51* ;  over  flie 
edge  PO  162'*  40',  that  of  their  normals  17"  20'. 

Faces  of  this  form  have  heen  observed  in  Fahlerz. 

The  Thzee-Faced  Tetrahedron. — The  three-faced  tetrahedron  has  three  faces 
conwponding  to  each  &ce  of  tixe  regobu:  tetnliodron ;  it  is  called  also  the  irigmud 
dodecahedron,  tridkietetrahedron,  pyramidal  tetrahedron,  and  by  Haidinger  huproid. 

This  form  is  derived  from  Hio  tvmvty^<mr-faoed  impeaohtdron  by  the  develaiiiinaii 
of  half  its  faces.  The  faces  forming  the  ihree-faced  solid  angles  0^  0,,  &c.,  opposite 
the  solid  angles  A^  A3  A«  and  A^  of  the  cube  (Fig.  39,.  p.  305)^  produciug  the  posUice 


^A0 


.  Rg.  102. 


Fig.  108. 


throe-faeed  tetrahedron  A^  A4  A5  A,  (Fig.  102) ;  and  those  opposite  the  solid  angles  A, 
A4  A,  and  Afi  (Fig.  39),  the  negative  three-faced  tetrahedron  A^  A3  A,  A,  (Fig.  103.) 

These  three-fiiced  tetrahedrons  are,  in  all  respects,  similar,  except  in  their  position 
and  consequent  modification  of  their  combinations  with  other  forms. 

Faces,  Angles^  atid  Edges — The  three-faced  tetrahedron  is  bounded  hj  twelve  equal 
and  similar  isosceles  triangles.  It  has  four  three-faced  solid  angles,  0|  0^  &c.,  opposite 
the  alternate  thzee-faeod  solid  angles  of  the  cube  in  which  it  is  inscribed,  and  four  six^ 
faced  solid  angles  A,  A4  &c.,  which  touch  the  other  alternate  three-faoed  solid  assies  of 
the  cube.  The  edges  are  twelve  shorter  AO,  AO,  &c.,  joining  the  three-faced  and  six- 
faced  solid  angles,  and  six  longer  AA,  AA  &c.,  each  lying  along  a  diagonal  of  a  fBxsc  of 
the  cube,  and  joining  the  six-faced  solid  angles  together. 

Sj/f»^^.»The  symbol  for  the  thrce-faoed  tetr4jJudnm  is  ^ ^;  ^umann's  is  ^^ ; 
and  Miller's  K.hhk, 
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Xtdmw  dm  Tkrm^fae^  Tktmkedmm^DeBuihB  the  snae  :ftgtiTO  m  diroeted'  (Fig. 
39,  p.  305),  for  drawing  the  twenty-fow^faetd' 
irapeeohtdron, 

Jom  the^pointo  Aj  Jl^.Oj  Ag  A„^to.,  aMhcmit 
lA  Fig.  1^12,  £n-  tiie  pm^^  tkntrfneti  Utrahs- 
driMi  and^  tiie  pointe- Aj  A«  O^  O4  A,  0^,  &e.,  as 
ahown  in  f^.  168,  for  tke  ntffotwf  thrm-fiutd: 

uiwm^—ThiR  cMeal  oku  join  tiie  centEBS  of 
the  opposite  langec  edges  of  liie  thre^faetd 
tetrahedron;  one  half  of  each  octahedral  axis 
coincides  with  that  of  the  eube,  and  the  other 

half,  as  CO  is  the  ~t:^^  part  of  CA. 

IndmaUon  of  tufacent  FacM. — If  e  be  the  angle  of  inclinstien  of  two  facea  over  one 
of  the  longer  edges,  as  A|  A^  and  ^  over  one  of  the  shorter  edges  as  OA, 


Ces.  e  = 


rC'-^2 


cos.  ^ 


_2w+  1 


fw-  +  2  ^         m^  -f  2 

Zimits  of  Form, — As  m  increases  in  value  fix)ni  1  to  00,  this  form  Tarics  from  that  of 
the  tetrahedron  to  that  of  the  cube,  and  CO  increases  from  the  ^rd  to  the  whole  of  CA. 

To  construct  a  Jffei  of  the  Three-faced  Tetrahedron  which  can  be  nucribed  in  a  given 
CW6e.— Draw  a  face  Pj  R^  0^  E^  (Fig.  106),  of  the  twenty-four  faced  trapezoJttdron  from 
wfaidi  the  three-faced  tetrahedron  is  derived,  as  described  in  Fig.  42,  p.  307. 


ytg.  101.  Fig.  106. 

Throng  Pi  draw  A4  Aj  perpcndiciilar  to  P,  Oj. 

Produce  0^  R4  to  meet  Pj  A4  in  A4 ;  and  0^  Rj  to  meet  P^  A^  in  A^.  Then  the 
isoaecles  triangle  0^  A4  A,  will  be  a  face  of  the  reqirired/Ar£«-//iflftf  teira/adron;  and 
twelve  such  faces,  arranged  as  in  Fig.  106,  will  form  the  required  net. 

Namnann,    k.    112 


Fi»w  of  tie  Three^faeed  Xetrahsiron.  —  The  form  ^,  ?P^ 

M        £1 


Miller;  has  GO  =  }  CA.    Inclination  of  faces  over  Hie  iongicr  edge  AA  109*"  28 ,  that 
of  their  normals  70"  32' ;  over  the  shorter  edge  OA  146°  2T,  normals  33*  33' 
This  form  occurs  in  Boracite,  Eulytine,  Fahlerz,  and  Tennantite. 

The  form  :^,  ^  Naumann^  k.  113  Miller,  has  CO  =  |  CA.    Inclination  of  faces 

over  -the  longer  edge  AA  129"  31',  that  of  their  normals  50^  29* ;  over  the  shorter  edge 
OA  129°  31',  that  of  their  normals  W  29*.— This  form  occurs  in  Blende  and  Fahlerz. 


The  form  \^^  ^3  Naumann,  k.  223  Miller,  has  CO  =  h^  CA. 


Inclination  of 


Digitized  by  LjOOQIC 


336 


8IX-FACBD  TETRAHEDRON. 


faccfl  over  the  longer  edge  AA,  93°  22%  thftt  of  their  normalB  86**  38' ;  over  the  shorter 
edge  OA,  160'  15',  that  of  their  nonnalB  19"  45'. 

This  form  occurs  in  Tennantite. 

Six-faced  Tetrahedron.— The  tix-faced  Uirahedron,  called  also  the  AexaJUt- 
tetraAedrotty  and  by  Haidingcr  boraeUoid,  is  a  hemihedral  form  deriyed  from  the 
six'faeed  oetaJiedroUy  by  the  development  of  the  fBuoei  constituting  four  of  its  solid  six- 
faced  angles,  opposite  the  alternate  solid  angles  of  the  cube  in  which  it  is  inscribed. 

Thus,  if  the  faces  constituting  the  six-faced  solid  angles  0^  O5  0«  0„  opposite  the 
angles  A^  Ag  A«  A,  (Fig.  50,  page  311),  of  the  cube,  be  produced  to  meet  one  another,  the 
resulting  figure  is  the  positive  six-faeed  tetrahedron  (Fig.  107).    ^If  the  &ces  of  the  solid 


311,  such  that  0^0,: 


Fig.  109. 


1  +  1+ » 


Fig.  108. 

ngles  O4  O2  O5  O7,  opposite  the  angles  A«  A4  A^  and  k^  (Fig.  50)  of  the  cube  be  pro-  { 
duced  to  meet,  the  resulting  figure  will  be  the  negative  nz-faced  tetrahedron  (Fig.  109). 
Facesy  SoUdAngkSj  and  Edges. — ^The  six-faeed  tetrahedron  is  bounded  by  twenty-four 
equal  and  similar  scalene  triangles,  such  as  P}  Oi  h^  (Fig.  107).  It  has  four  tix-faetd 
solid  angles  0|  0«,  &c.,  which  are  the  same  as  those  of  the  six-faeed  octahedron  from 
which  it  is  derived ;  these  always  lie  in  the  octahedral  axis  of  the  cube  in  which  the 
figure  can  be  inscribed.  The  four  six-faced  solid  angles  b^  ^4,  &c.  more  acute  than  the 
former,  always  lie  in  the  octahedral  axes  of  the  cube,  but  on  the  other  side  of  the 
centre  of  the  figure  from  the  former ;  thus  each  octahedral  axis,  as  A^  A,  (Fig.  50)  of 
the  cube  has  one  six-faced  solid  angle,  such  as  Oj,  on  one  side  of  its  centre  C,  and  on 
the  other  side  a  more  acute  six-faced  solid  angle  bj.  There  are  taxfour-faeed  solid  angUsy 
P,  P),  &c.,  P„  which  terminate  the  cubical  axes,  and  touch  the  cube  in  which  the  figure 
is  inscribed  in  the  centre  of  each  fsjCQ.  It  has  twelve  shorter  edges  joining  the  four- 
faced  solid  angles  with  the  obtuse  six-faced  solid 
angles,  such  as  Pj  Oj  (Fig.  107) ;  twelve  inter- 
mediate joining  tiie  four-faced  with  the  acute 
six-faced  solid  angles,  such  as  Pj  &« ;  and  twdre 
longer  joining  the  acute  and  obtuse  six-&ced 
solid  angles,  such  as  Oj  b^. 

To  Draw  the  Six-faeed  Tetrahedron,— T}^ktQ» 
a  cube  i^i  A,  A,  &c..  A,  (Fig.  109) ;  draw  its 
octahedral  axes,  and  in  it  inscribe  a  cube 
0^  O2  0,  &c.,  O9,  as  directed  in  Fig.  50,  page 
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The  letters  A|  B^  Ej  D  and  F|  having  the  same  position  in  Fig.  109  that  they  have 
in  Fig.  60,  make  the  following  additional  construction. 
In  B5  A|  take  a  point  K  such  that, 


Bj  K  =  ^ —  J    Aj  B5. 


l  +  ~  - 
m      n 

In  CPi  take  CH  =  B5  K^.    Join  HK  cutting  CAj  in  b^. 

Through  ij  draw  b^  b.^  parallel  to  Aj  A3  and  meeting  CA^  in  i^  and  b^  b^  parallel  to 
A^  A4  meeting  CA4  in  b^y  and  so  on,  till  a  cube  b^  b^  b^^  &c.,  b^  is  inscribed  in  the  cube 
Aj  Aj,  &c.,  Ag  having  Ci^  C6.^,  &c.,  G^,  for  its  octahedral  axes. 

Join  the  points  P^  0^  b.^  &c.,  as  shown  in  Fig.  107,  for  the  positive  six-faced  tetra- 
heefrorif  and  P,^  0,  b^^  &c.,  as  in  Fig.  108,  for  the  negative  six-faced  tetrahedron. 

Symbols,— The  symbol  for    the    six- faced  tetrahedron  is     -"  ~ '  Naumann's  ^JLJ* 

and  Miller's  kMI.  * 

Axes  of  the  Six-faeed  Tetrahedron. — ^Thc  cubical  axes  join  the  opposite  four-faced 

solid  angles,  and  the  octahedral  axes  join  the  obtuse  four-faced  solid  angles  to  the 

acute  four-faced  solid  angles  opposite  to  them  ;  the  former  at  a  distance  equal  to  the 

= rth  part  of  the  extremity  of  the  octahedral  axis  from  the  ccntit;,  and  the 

!+,«+« 

latter  at  the ^th  part  of  that  distance. 

i+i-i 

m       n 

IneUnation  of  the  adjacent  faces. — If  9  be  the  angle  of  inclination  of  two  adjacent 
faces  oyer  the  edge  PO  (Figs.  107  and  168),  joining  the  four-faced  and  obtuse  six-faced 
solid  angles, 

Co..»=  ""• 


1  +  -+- 

If  ^  be  the  angle  of  inclination  oTer  the  edge  Oi,  joining  tbc  obtiuc  and  acote  six- 
faced  lolid  angles, 

-+- 

Cos.  ^=    J r- 

1  +  —  4- 
^  «|3  ^  n« 

If  4^  be  the  angle  of  inclination  over  the  edge  P3,  joining  the  four-faced  and  acute 
six-£u2ed  solid  angles, 

Cos.  If,  = 

1  4-  —  4-  - 

Limits  of  the  form  of  the  six-faced  tetrahedron. — ^As  m  and  n  approach  in  magnitude 
to  unity,  the  six-faced  octahedron  approximates  to  the  tetrahedron  ;  and  when  m  and  n 


INORGANIC  NATURE.— No.  XII. 
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are  both  equal  to  unity,  it  becomes  the  tetrahedron*  '  In  this  case  the  uin  faoeg  forming 
the  obtuse  six-faced  solid  angle,  as  well  as  the  edges  PO  and  0^,  all  lie  in  Hie  same 
plane ;  and  the  edges,  such  as  F^  bi  and  P^  b.^,  in  the  same  straight  line. 

As  m  and  n  increase  in  magnitude  and  equality  to  each  other,  the  six-faced  tetrahe- 
dron approximates  to  the  cube  ;  and  when  m  and  n  arc  both  in&nitoly  great,  it  coincides 
with  it.  In  this  case  the  four  planeswhich  form  each  four-faced  solid  angle  Ue  in  the 
same  plane. 

As  m  approaches  to  unity,  while  n  increases  in  magnitude,  the  six-faced  tetrahedron 
approximates  to  the  rhombic  dodecahedron ;  and  when  m  equals  unity,  and  n  is  infinitely 
great,  it  becomes  the  rhombic  dodecahedron.  In  this  case  the  planes  on  each  side  of  the 
edge  0^  lie  in  the  same  plane. 

When  m  equals  unity,  while  n  remains  finite,  the  six-faced  tetrahedron  becomes  the 
twelve-faced  trapezohedron ;  and  the  faces  on  each  side  of  the  edge  Ob  lie  in  the  same 
plane. 

When  m  and  n  are  equal  to  each  other,  both  finite  and  greater  than  unity,  the  mt- 
faced  tetrahedron  becomes  the  three-faced  tetrahedron^  and  the  laces  on  each  side  of  the 
edge  PO  lie  in  the  same  plane. 

When  fi»  remains  finite,  and  n  becomes  infinite,  the  six-faced  tetrahedron  becomes  the 
four- faced  cube,  and  the  faces  each  become  equal  and  similar  isosceles  triangles. 

From  the  above  it  will  bo  seen  that  the  cube,  rhombic  dodecahedron,  and  four-faced 
cube,  are  limiting  forms  of  the  hemihedral  form,  the  six-faced  tetrahedron. 

To  describe  a  Net  for  tJtc  Six-faced  Tetrahedron  which  may  be  inscribed  in  a  given  Cube, 

Braw  A^  P,  B^  C  (Fig.  110),  intersected  by  Aj  C  and  ED,  meeting  in  0^  as  directed 
for  Fig.  52,  page  313. 

•      -jP.C. 


Take  CH  = 


1  +  1-^ 

m       n 


Make  B5  K  =  CH.    Join  KH,  cutting  A^  C.in  h^. 

Join  Pi  Oi,  Pi  b^. 

Produce  Aj  B5  to  A3  and  Pi  C,  to  Pj.     Make  B5  A5= Aj  B4,  G  P«=Pi  0. 

Take  B3  E'  =  Bj  E,  and  C  D'  =  C  D. 

JoinE' D',  AfiP,. 

H 

D 


A/ 

K 

-^K^-^ 

C 

V/ 

•  r 

\V 

1- 
E' 

•\ 

Aj 

•s 

Fig.  110. 


Fig.  111. 


Fig.  112. 


In  E' D' take  E' O5  =  E  Oi. 
Join  ^i  O5, 
Then  Fig.  Ill,  draw  *  e>  =  *i  O3  of  Pig.  110,  and  on  it  describe  a  triangle V  bo, 
having  the  side  P  *  =  Pj  i^  and  the  side  P  0  =  Pi  Oj  of  Fig.  110. 
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Then  P  5  0  (Fig.  Ill),  is  a  face  of  the  tu^-faetd  tetrahedron  required,  and  tw^enty-^ 
famt  saeh  fiuwe  arranged,  as  in  Fig.  11^  will  giTe  the  required  net. ' 

lorms  of  ih$  six-faced  Tetrahedron,— Tho  form    *  ^'    ,    *    *^      l^auinaiui,''      and 

jc  fi,  3, 1  Miller,  is  the  only  ono  which  has  been  obserred  in  nature. 

Its  obtvso  six-&eed  angles  cat  the  oetahedral  axes  of  the  cube  at  a  diataiMie  =  {, 
and  its  acute  siz-fkced  angles  at  a  distance = ^  of  the  centre,  firom  the  extremity  of  w 
octahedral  axis. 

$==,  162°  20'  <t>  =  152°  20',  and  i|.  =  122°  63'.' 

Faces  parallel  to  this  form  har^  been  observed  in  crystals  of  horaeite. 

Bemlhedxal  Fomis  with  inclined  Faces.— The  preceding  hemiliednd  foma 
which  we  have  c<msidered,  may  be  referred  to  the  tetrahedron  as  their  type^  and 
may  all  be  deriyed,  as  we  bare  shown,  from  the  aix-faeed  tetrahedron  ;  none  of  these 
forms  haye  a  £Euse  parallel  to  any  other  face  of  the  same  form.  There  are  two  hemiliedral 
forms  with  parallel  fftces. 

Kemihedxel  Fozms  with  Paxallel  Faces.— One  hcmihedral  form  with, 
parallel  faeea  is  deriyed  from  the  four-faced  cube,  and  is  a  tweiee-faetd  peniafon;  the 
other  is  obtained  from  the  six-faced  octahedron,  and  is  a  twenty»four  faced  trapszoheiron. 

The  Pentagonal  Bodecaheftron*— The  pentagonal  dedeoahedrony  called  also  the 
pyritoid,  has  twdye  pentagonal  faces,  and  is  a  hemibedral  fonn  of  tiiie  fmr-faeetf  cube 
deriyed  from  it,  according  to  the  following  laws : 

The  alternate  faces  of  each  aix-faeed  solid  angle  0^  0,  0,,  A».,  O^  (Fig.  44,  page 
308),  aS  €^c  fomr-faced  eahe,  are  produced  to  meet  each  other. 

Thus  the  faces  Pi  0^  O4,  P3  0^  O5,  and  P.^  0,  0.^  (Fig.  44),  of  the  angle  Oi,  and  three 
similarly  situated  faces  of  the  other  six-faced  solid  angles,  produce  the  positioe  pemte^onal 


fTjr.  118. 

dodeeakediwt  (Pig.  IIZ).  The  remaining  flaeesOiOiPsjOsOiPj,  and  O3O1P1,  and  those 
similarly  situated  to  them,  produce  the  nepatwe  pentoffenal  dodeenhedron  (Fig.  114). 

Faeesy  Solid  Anglee^  and  Edgee.-^T^  fotm  is  bounded  by  twelye  equal  and  similar 
pentagonal  faeee,  sucJi  as  h^  Oj  h^  0|  A3  (Fig.  118).  These  pentagonal  fwee  have  always 
four  of  their  edges  equal  to  each  other,  the  fifth,  h^  b^,  generally  unequal  to  the  othen. 
The  only  case  in  which  by  63  is  equal  to  the  others,  is  that  of  the  regidar  pentagonad 
dodecahedron^  which  is  one  of  the  fhe  platonic  hodiee  ;  this  form  has  not  been  obaenred 
in  nature.  y 

The  pentagonal  dodecahedron  has  eight  three-faced  solid  anglee  which  always  lie  in  the 
octahedral  axes  of  the  cube  in  which  it  can  be  inscribed,  0^  0^  &c.  (Figs.  113  and  114). 
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And  iicelve  thrt^faeed  solid  angles  wbich  do  not  lie  in  any  one  of  the  three 
species  of  axes  belonging  to  the  cube.  They  alimys  lie,  hoverer,  in  a  fiice  of  the 
ciicumscribing  cube.  There  are  twenty-four  edges  (0^)  joining  the  three-faced  solid 
angles^  bounded  by  equal  plane  anglee  lying  in  the  octahedral  axes,  with  the  three-faced 
solid  angles  bounded  by  unisqualpkme  angles^  and  six  edges  {bb)  joining  the  two  species  of 
three-faced  solid  angles  together.  These  six  edges  {M)  always  lie  in  a  face  of  the  circum- 
Boribing  cube,  in  a  line  passing  through  the  centre  of  the  &ce  parallel  to  one  of  its 
edges,  and  the  cubical  axes  always  pass  through  the  center  of  this  edge. 

Symbols.-'---—--    '- ......   1  moo    ^ .    co  0  m. 

and  Miller's  r.hko. 


-The  symbol  for  the  pentagonal  dodecahedron  is — - — , 


Naumann's  - 


To  draw  the  Pentagonal  Jkdeeahedron.— '"Prick  off  the  points  P^  P.,,  &c.,  ?«,  B^  B,  Bs, 
&e,,  Bij,  and  0,  0,  0,  O4,  &c.,  Og,  of  Fig.  45,  page  308. 
JoinPiP5,P,P4,  andPfiPs. 


^^-^ 


^' 


^^^ 


Fig.  115. 


Also  Bi  Ba,  Bj  B4,  B^  B9,  B5  Be,  &c.,  0,  0^  Oi  O4,  &c.  j - 

(Fig.  116). 

Along  each  of  these  linos  take  P^  b^  Pj  ^3,  &c.,      i~ 
:==(i-l)PjB„(i-l)P,B^&c. 

The  portions  ^1 B^,  b^  B,  are  omitted  in  Fig.  115. 

Then  joining  the  points  b^  b^  b<^  with  0^  O4,  b^  b^^b^,    ^  -«.      .^ ,   .        -  , 

with  O5  Oj,  &c.,  as  in  Fig.  113,  the  positive  twelve-faced     i^g      ^A:^sr  — I — ZP^ 
pentagon  will  be  delineated.    The  negative  twelve-faced 
pentagon  will  be  drawn  by  joining  Oj  Oj  witii  b^  b^  and  b^, 
and  Oi  and  O5  with  b^  b^o  and  &«,  &c.,  as  in  Fig.  114. 

Jhees, — ^The  cubical  axes  join  the  centres  of  the 
opposite  six  unequal  edges;   the  octahedral  axes  join  the  opposite  three-faced  sdid 
angles  contained  by  equal  plane  angles. 

JndinaUon  of  Adjacent  Faces, — If  0  be  the  angle  of  inclination  of  two  adjacent  laces 
measured  over  the  edge  bb^,  and  ^  the  angle  of  inclination  of  adjacent  faces  oyer  the 
edge  0^,  then 

Cm.  «  = 'lb  and  COB.  4  =  .  'i'  .. 

Limits  of  the  Form,— As  m  increases  from  1  to  00,  the  pentagonal  dodecahedron  varies 
from  the  rhombic  dodecahedron  to  the  cube.  The  nearer  the  pentagonal  dodecahedron 
approaches  to  the  rhombic  dodecahedron^  or  m  to  1,  the  smaller  becomes  the  edge  b  by 
till,  when  m=sl,  it  vanishes  altogether;  and  the  greater  m  becomes,  or  tho  form 
approximates  to  that  of  the  cube,  the  nearer  the  edge  b  b  approaches  to  two,  or  the 
length  of  the  edge  of  the  circumscribing  cube. 

X\s  construct  a  Net  of  the  Twelve-faeed  Pentagon  wJUeh  can  be  inscribed  in  a  given  Cube. 
~The  same  construction  being  made  (Fig.  116),  as  directed  for  Fig.  46,  page  309,  add 
the  following : — 

Let  H  be  the  point  where  £  0^  cuts  B^  P,. 

Take  *  in  Bj  P„  so  that  Bj  ^  =  ^  Bj  Pj.  .      , 

Take  C  L  =  P^  ».    Join  bLyb  P„  the  ktter  cutting  E  H  in  M. 

Join  L  M.  Take  L  S  =  L  M.  Through  S  draw  S  T  parallel  Ai  B^;  meeting  £  H 
in  T,  and  join  b  T. 
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Then  (Fig.  117)  draw  P  0=P,  0„  Fig.  116.    On  PO  dMoribetlietnaiigleP^O, 
liaymg  itaadebO  =  T  b,¥f^  116,  and  the  dde  P  d  s  Pi  b,  Fig.  116. 


Fie.  116. 


Fig.  117. 


Fiff.  lis. 


On  the  other  side  of  P  0  (Fig  117),  describe  tlio  triangle  P  6",  0  having  the  side 
0  *"  =  T  *,  Fig.  116,  and  side  P  4"  =  P^  b,  Fig.  116. 

On  the  opposite  side  of  P  b"  describe  the  figure  P  d'  0*  b'\  similar  and  equal  to 
P  i  0  y.  Then  b'  bO  b"  0'  is  a  face  of  the  required  form,  and  twelve  such  penta- 
gonal faces,  arranged  as  in  Fig.  118,  will  give  the  required  net. 


12ao 


o'0  2 


2 


J^rmf  of  the  PentagorMl  Dodeeahednm, — Tho  form 

T.  210  Miller,  has 

0  z=  126'  62',  and  ^  =  US'*  35', 
the  angles  of  their  normals  being  63'  8',  and  66°  25'. 

This  form  occurs  in  crystals  of  Cobaltine,  Gersdorffite,  and  Pyrite. 

1  3  00  OD    0  3 

The  form  — ~ —  >   ~  ~  o  ~  ~  ^*'™**"*»  ""^  »•  ^1®  Miller,  has 
$  =  143«  8',  and  ^  =  107°  27', 
the  angles  of  their  normals  being  36^  52',  and  72°  33'. 
It  occurs  in  Hauderite  and  Pyrite. 

1  A  oo         (A   O  A 

The  form  — | — ,   — ^""^  Naumann,  w.  320  Miller,  has 

$  =  112°  37',  and  ^  =  117°  29', 
the  angles  of  their  normals  being  67''  23',  and  62°  31'. 
Occurs  in  Pyrite. 

1  400  OD    04 


Naumann,  and 


The  form 


Naumann,'^,  410  Miller,  has 


2     '         2 

$  =  161°  66',  and  ^  =  103°  37' ; 
the  angles  of  their  normals  being  28°  4',  and  76°  23'. 

It  occurs  in  crystals  of  Cobaltine. 

TlM  Umgiilaar  Tiraii.tj-ioiiv->fiu>ed  Tim9eBo]Mdioii.^-€alled  the  irregular 
iwetUy-four-faeed  trapetohedron  because  its  trapezoidal  faces  have  only  two  edges  equal 
to  each  other,  and  to  distinguish  it  from  the  itcmty-fottr'-faeed  trapetohedrmy  which  is  a 
holohedralform,  and  has  its  fbur  edges  eqoftl  to  each  other  in  pairs.  This  form  is  called 
also  the  Traptzoidal  ieotit$t»ahmir<my  the  J)yaku  dodeeahedrotiy  the  Diploid,  and  the 
Diplqpifritoid, 
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It  is  derhred  from  the  six-faeed  oetahkfron  by  tiie  dcfrtihfment  of  half  its  face 
aocosding  to  the  fi)Howisglff#. 

Each  alternate  face  of  the  siz- 
faoed  solid  angle  Oj  (Fig.  49, 
2  page  311),  and  the  similarly- 
ff'  situated   faces   of    the    other 
^  seven  six-faced  solid  angles  are 
produced,  till  they  meet  to  form 
'&e   poMtive    twent^'foW'/aced 
-^^^.^    _         trapczobedron  (Fig.  119).    The 
^     /V  remaining    faces,    when   pro- 

fit- 119-  duced,  form  the  ne^athe  twenty  ^^'  ^^' 

four-faced  Irapezokdron  (Fig.  120). 

FaeeSf  Solid  Angles,  and  Sdffcs.— This  form  is  bounded  by  twenty-four  irregular 
trapeziums,  such  as  P^  b.,  o^  b^  (Fig.  119),  having  only  two  sides  equal,  as  o^  b^  and  Oj  &j|. 
It  has  six  fow'-faeed  solid  angles,  such  as  P^  P^  &c.,  P«,  which  teiminate  the  opposite 
extremities  of  the  cubical  axes,  and  touch  the  centre  of  each  face  of  the  circumscribing 
cube.  Eight  three-faesd  solid  angles^  o^  o^  &c.,  Og,  which  always  lie  in  the  octahedral 
axes  of  th9  circumscribing  cube.  TvtcIyc  four-fneed  solid  angles,  ij  b^,  &c^  which  do  not 
lie  in  the  cubic,  octahedral,  or  rhombic  axes  of  the  cube.  It  has  twelve  shorter  edges. 
Pi  ^1,  Pi  b^  &c. ;  twelve  longer.  Pi  in,  Pg  ^12,  &c. ;  and  twenty-four  intermediate  edges, 
©1  A3,  Oi  *„,  Ac. 


['"-]■ 


Naumann 


LmOnn 


and 


-Prict  off  the  points  Pj  r..» 


^ 
H 


o 


^ 


MC7 

6^-- — 7/« 


^^' 


Symbols, — ^The  symbol  for  this  form  is 

Miller  ir,  h  k  I. 

To  Draw  the  Irregular  Ttcenty-four-ftecd  Trapecohedtvn, 

&C.,  P<5,  ©1  Ojl  &C.,   Og,    &   C, 

from  Fig.  61,  page  312,  for 
the  Figs.  121  and  122.  Join 
CPi  CP^j&c,  OiOtO^&c. 
In  CPi,  CPj,  &c.,  CP«, 
take  points  e^  e^,  &c.,  e^ 
(Figs.  131  and  122),  luch 
that 

ee  =  TZTT  ^ ^• 

In  Fig.  121,  through  Sy 
and  c,  draw  b^  b^  and  b^  i^,,  parallel  to,C  P^ ;  through  ?,  and  e^,  \h^,  and  b^  3g,  parallel 
to  C  P3 ;  and  through  e^  and  e^  b^^  b^^  and  ^  ^lo,  parallel  to  C  P^  Also,  in  Fig.  122, 
draw  ii3  *,4,  and  b'^  J04,  parallel  to  C  Pj ;  ^n  *^d  b^^  and  b^^  b^  paialld  to  C  Pj ;  and 
*i9  *20j  ^21  *»»  parallel  to  C  Pg. 

2 1 

Throughout  both  figures  take  <?  i  = 5  C  P,  fbr  the  Knes  parallel  C  Pj  or 

1  """wm 

C  P,,  and  half,  that  qaantity  for  thoae  pazaUel  C  P,. 

Join  Pi  0|,  b^  bi^y  Ac.,  Fig.  119,  fbrthe  pmtive  tmtn^f^wr^fmeed  triipeaohedrwt,  and 
Pi  *n  *i5  «!  A18,  &c.,  Fig.  120,  for  the  n^gatm  twenty -futT'faeed  trapetolkedron^ 

Axes, — The  euhical  axes  join  the  opposite  four-£Eiced  solid  angles  Pj  P^  Ac.,  P«,  aid 


Kg.  «2. 
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the  oeiaJtedral  the  opposite  aix-faccd  solid  angles,  and  are  equal  to  the  axes  of  the 
six-faced  octahedron,  from  which  the  form  is  deriyed. 

Inclination  of  the  Adjacent  Faces, — If  $  be  the  angle  of  inclination  of  two  adiacent 
angles  over  the  shorter  edge  P  b^y 

4>  the  angle  of  inclination  of  two  adjacent  fi&ces  oyer  the  longer  edge  P^  d^, 

And  if  4^  be  the  angle  of  inclination  of  two  adjacent  faces  oyer  edge  0  b, 

1  4-14-   1 

Zimite  of  the  Form  of  the  Irrvgtdar  Twenty-fovr-faeed  Tropesohedron. — As  m  and  n 
spproach  in  mafl^nitode  to  unity,  the  irregular  twenty-four-faced  trapezohedron  approxi- 
mates to  the  octahedron  ;  and  when  m  and  n  both  equal  unity,  it  becomes  the  octahedron. 
In  this  case  the  planes  constituting  the  three-faeed  solid  angle  all  lie  in  the  same  plane, 
and  the  edges,  such  as  P  ^  and  b  P,  are  in  the  same  line. 

As  m  and  it  both  increase  in  magnitude,  and  finally  become  infinitely  great,  this 
ftmn  approximates  to  and  becomes  the  cube.  In  this  case,  the  four  planes  fonning  the 
fiuT'faeed  eoUd  angles  at  the  extremity  of  the  cubic  axes  lie  in  the  same  plane,  and  the 
edges  0  b  and  6  0  in  the  same  line. 

As  m  approaches  to  unity  while  n  increases  in  magnitude,  and  becomes  finally 
infinitely  great,  the  form  approaches  that  of  the  rhom/bic  dodecahedron  ;  in  this  case  two 
planes,  on  each  side  one  of  the  longer  edges  P  b^  approach  to  and  finally  become  in  one 
plane,  while  the  shortest  edge,  b  P,  becomes  shorter  and  shorter,  and  finally  yanishes. 
When  m  equals  unity,  while  n  remains  finite,  the  form  becomes  the  ihree-faced  octa^ 
hedron,  and  the  trapezoidal  faces  change  from  trapeziums  to  isoseclos  triangles.  When 
m  and  n  equal  each  other,  ore  both  finite  and  greater  than  unity,  the  irregtiiar  twenty- 
four^faced  trapezohedron  becomes  the  regular  twenty-fntr-faeed  tfapesohedron^  and  the 
izT^ular  twipcsiums  regular  ones. 

When  ffi  remains  finite,  and  is  greater  than  unity,  and  n  becomes  infinite,  the  form 
becomes  that  of  ^0  pentagonal  dodecahedron^  and  the  planes  on  each  side  the  longer  edge 
P  6  lie  in  the  same  place. 

From  what  has  been  said  of  the  limits  of  the  aboye  fonr,  it  appears  that  each  of  the 
holohedral  forms  of  the  cubical  system,  with  the  exception  of  the  four-faced  cube  and 
six-faced  octahedron,  which  have  their  own  hemihedral  forms  with  parallel  faces,  m&y 
be  regarded  as  limiting  forms  of  the  hemihedral  forms  with  parallel  &ces. 

As  yet,  the  two  hemihedral  forms  with  parallel  iaces  haye  aooiy  been  obaenred  in 
nature  combined  with  one  another  and  those  of  the  holohedral  forms,  with  the  exertion 
of  the  six-faeed  octahedron  and  four-faced  cube,  but  neyer  with  any  of  the  hemihedral 
forms  with  inclined  faces. 

To  describe  a  Net  fer  tks  Irregular  Twenty  *f our  faced  rrspowAsAwa.— Describe  the 
same  figure  (Fig.  123)  as  directed  page  818,  Fig.  62,  with  the  exceptiaSL  of  the  lines 
GB,PiK,RP2andOiRj. 
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1  - 


TakeCN  =  ^^ — V  C  Pi  andP,  R  =  C  N.    Join  N  R. 


1  - 


1-i 


Also  take  ?!  K  =  r^, .-  Pi  Bj  and  C  L  =  Pj  K.    Join  K  L^  cutting^N  E  in  b. 

Join  Pj  *.    Let  M  bo  the  point  where  E  Oj  produced  cuts  C  Bj. 

JoinLM.    TakeLSinP2B3  =  LM. 

Through  S  draw  S  T  parallel  A^  Bj  meeting  E  M  in  T,  and  join  T  b. 


Ay 

s^ 

1 Jt^ 

r  vJ 

V 

/. 

4Nst 

(/ 

r\ 

B.                   J 

c 

L              ^* 

Fig.  128.  Fig.  124.  Fig.  125. 

Then  (Fig.  124)  draw  P  0  =  Pi  Oj  (Fig.  123).  On  it  describe  a  triangle  P  *  0, 
having  the  side  P  d  =  Pi  *  (Fig.  123),  and  4  0  =  T  A  (Fig.  123). 

On  the  other  side  of  P  0  describe  the  triangle  P  C  0  having  the  side  P  C  =  i  Po 
(Fig.  123),  and  0  C  =  *  T  (Fig.  123). 

P  i  0  C  will  be  the  face  of  the  irregttlar  twenty-four  faced  trapezohednm^  and  twenty- 
four  such  faces,  arranged  as  in  Fig.  125,  will  form  the  required  net. 

Forms  of  the  Irregular  Twenty-four  faced  Trapezohedron  which  occur  in  Kaiure. — 

The  form  [—1-*] ,   f^*]  o^  ^aumann,  and  ir  6,  4,  3  of  Miller  has 

tf=zlir6'        <^==129M8'        »^=160'3' 
l^ormals,  whoso  faces  are  inclined  at  9,  ^,  and  ^^  68°  64' ;  50°  12'  and  19"  57'. 
Faces  parallel  to  this  form  occur  in  crystals  of  Pyrito. 

The  form  f-^y- 1 »  f — 2A  °^  Naumann,  and  x  4,  3,  2  of  Miller,  has 

9  =  112°  17'       ip  =  1S6°;24'       and  if/  =  163°  43'. 
Inclination  of  normals  67°  17',  43°  36',  and  26°  17'. 
Faces  parallel  to  this  form  occur  in  Linneitc. 

The  form  P*  ^'  ^1,  [-^2^1  of  Naumann,  andx.  4,  3,  2  of  Miller,  has 

«=112°47f        4>  =  138°46'        and  >f/ =  161"  28'. 
Inclination  of  normals  67**  13',  41«  15',  and  28°  32'. 
Faces  parallel  to  this  form  occur  in  Linneite. 

The  form  [— |— 1»  ["^-2^1  °^  Naumann,  and  t  3,  2, 1  of  Miller,  has 

«  =  119M'        ^=149' 00'        and  ^=141°  47' 
Inclination  of  normals  64°  37',  31°  00',  and  38°  13'. 
Faces  paialld  to  this  form  occur  in  Cobaltine,  Hauerite,  and  Pyrite. 
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The  form  [—1—1,   [^-§^1  o^  Naumann,  and  »,  6,  3,  1  of  MiUer,  has 

a=119''4'        <fr=160'>32'        and  «^  =  ISl*"  5|( 
Indinatioa  of  normals  60**  66%  \r  28%  and  48**  65'. 
Faces  parallel  to  this  form  occur  in  Pyrite. 

The  form  [^^^1,  [^^]  <^^  Naumann,  and  t,  4,  2, 1  of  Miller,  has 

$  =  128'*  16'        ^  =  164'  47'        and  >f^  isr  49'. 

Inclination  of  normals  61'  46',  26'  13',  and  48'  11'. 

Faces  parallel  to  this  form  occur  in  Pyrite. 

Combination  of  tho  Gubo  and  Totxahodion,  ~  When  the  faces  of  the 
tuBe  P  P,  &C.  (Fig.  126),  predominate,  the  alternate  solid  angles  of  the  cube  are 
replaced  by  four   triangular  planes,  0  0,  &c.,  which  are  parallel  to  those  of  the 

P 


Kg.  IM.  riff.  127. 

inscribod  tetrahedron.  When  the  faces  0  0,  &c.  (Fig.  127),  of  the  ieirahednm  pre- 
dominate, each  solid  edge  of  the  tetrahedron  is  replaced  or  truncated  by  a  plane  of 
the  cnbo  P,  P,  &c. 

Combination  of  Cnbo  and  TwolTe->faoed  Ti&peioliedzon.— When  the 
faces  of  the  eube  P  P,  &c.  (Fig.  128),  predominate,  the  alternate  solid  angles  of  the 
cube  arc  replaced  by  an  obtuse  three-faced  solid  angle  bbhoi  the  trapezohedron,  prc- 


Fig.  128.  Fig.  129. 

aentiBg  three  trapeziums  for  each  solid  angile  replaced.    When  the  iaoes  of  the  twelve- 
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faced  trapczohedron  bbb  (Fig.  129)  predominate,  eaeh  four-fkced  solid  angle  of  the 
trapezodcdron  is  replaced  by  a  rhomboidal  plane  of  the  eube  F  P,  Baa, 

Combination  of  Onbo  and  Thieo^^ao^d  TetaalM^zon.— When  the  faces 
of  the  cube  P  P,  &c.  (Fig.  130}^  predofflinate,  ilie  alternate  boM  aogLes  of  the  cube  «ze 


Fig.  130. 


Fig.  181. 


replaced  by  a  three-faced  solid  angle  of  the  three-faced  tetndiedron,  presenting  three 
triangular  pLines  a  a  a  for  each  solid  angle  replaced. 

When  the  &ces  of  the  three-faced  tetrahedron  0  a  a  predominate  (Fig.  131),  the 
six  longer  edges  of  the  three-£Eiced  tetrahedron  are  replaced  by  a  plane  of  the  cube  P  P  P. 

Combination  of  Cuba  and  Siit-laeed  Tatxahedron. — ^When  the  faces  of 
the  cube  P  P,  &c.  (Fig.  132),  predominate,  the  alternate  solid  angles  of  the  cube  are 
each  replaced  by  a  six-faced  solid  angle  «  e  e,  &o.,  of  the  six-faced  tetrahedron,  con- 
sequently each  alternate  solid  angle  of  the  cube  is  replaced  by  six  triangolar  planes. 


Fig.  132. 


Fig.  133. 


When  the  faces  of  the  six-faced  tetrahedron  c  e  €  (Fig.  133)  predominate,  each  four- 
faced  solid  angle  of  the  the  three-faced  tetrahedron  is  replaced  by  a  rhombic  plane 
PP,  &o.,  of  the  cube. 

In  the  preceding  combinations,  it  will  be  seen  by  comparing  Figures  126,  128,  130, 
and  132  with  5b,  60,  62,  and  66,  that  half  the  solid  angles  of  the  cube  are  replaced  by 
the  same  planes,  when  combined  with  the  hemihedral  forms  with  inclined  faces ;  that 
aU  are  when  combined  with  their  oonreq^onding  holohedral  fonna. 
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LtftlMVoiltiTe 

conLbimtiMi  (Fig.  134),  tiie  frar  tinee-laced  solid 
aagles  of  the  pofiitiTe  Utrw^Mbnan  c  a,  &e.,  whose  faees 
pndomiaate,  tte  replaeed  bytriangokr  plaaee  «^  o',  fto., 
of  the  negative  tetrahedron.  The  four  faces  of  the 
predominating  tetrahedron  o  o,  &c.,  aro  irregular  hexa- 
gons. As  the  faces  o^  <ff  &o.,  become  larger,  three 
edges  of  the  hexahedron  diminish ;  and  when  (f  q\  &c., 
beeomes  so  great  that  these  edges  disappear,  the  com- 
bination resolves  itself  into  &e  regular  octahedron. 

This  combination  occurs  in  crystals  of  Blende  (sul- 
phnret  of  zinc),  Boracite,  Helyin,  and  Tennantite. 


■—In  this  corn- 


Fig.  184. 


Combination  of  the  Totnhedron  and&hom- 
blc  Bodooa]iedxon.--In  this  combination  (Fig.  135), 
the  three-jEeiced  solid  angles  of  the  ietrah^dron  are  each 
replaced  by  a  three-faced  solid  angle  of  the  rhombic 
dodecahedron ;  so  that  we  have  each  solid  angle  of  the 
tetrahedron  replaced  by  three  triangular  faces  r  r  r,  of 
the  rhombic  dodecahedron,  each  triangular  face  being 
an  isosceles  triangle.  When  the  faces  of  the  rhombic 
dodecahedron  predominate,  half  its  three-faced  solid 
angles  are  replaced  by  triangular  planes  of  the  tetza- 
hfidooQ,  like  those  represented  in  Fig.  69. 


^  of  tbe  VofeMdMbon'snA  VwoWe-fiwod'TnyoBolMdzon.- 

Whm  t2w  ftoes  of  the  twcke^aeed  trt^ctokeirm  bbb^Ao.  (Figs.  136  and  137),  yte- 
dominate,  the  obtuse  three-faced  solid  angles  of  the  positive  twelve-faced  trapezohedron 
are  replaced  by  triangular  planes  o  o,  &c.,  of  Hie  positive  tetrahedron  (Fig.  136),  and  its 


Fig.  186. 


Fig.  187. 


OBOtetinee^fiwed  eolid  an^es  by  triangular  planes  o  o,  &c.  (Fig.  137),  of  the  mgntice 
tetraMtirm, 
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When  the  faoea  of  the  positive  tetrahedron  o  o,  &c.  (Figs.  138  and  189),  predomi- 
nate, the  three-flEused  solid  angles  of  the  pontics  tetrahedron  are  replaced  hy  the  acute 
threC'faced  solid  angles  bbby  &c.,  of  the  positive  ttpehs^/aeed  trapezohedron  (Fig.  138), 
and  by  the  obtuse  three-faced  solid  angles  b  b  bf  &c.,  of  the  negative  ttvehs-faced  trape- 
zohedron (Fig.  139.) 


Fig,  1S8. 


Fig.  189. 


In  Figs.  136  and  137,  the  faces  of  the  tetrahedron  o  o,  &c.,  are  equilateral  trian- 
gles ;  those  of  the  trapezohedron  b  by  &c.,  irregular  pentagons.  In  Figs.  188  and  139, 
the  faces  of  the  tetrahedron  o  o,  &c.,  are  irregular  hexagons,  and  those  of  the  trapezohe- 
dron b  by  &c.,  isosceles  triangles. 

Combiiuition  of  the  Tetxahedron  and  Three-faced  Tetxahedzon.— 
When  the  faces  of  the  positive  three-faeed  tetrahedron  aaoy  &c.  (Figs.  140  and  141), 
predominate,  the  three*  faced  solid  angles  of  the  ihree-faeed  tetrahedron  are  replaced  by 


Fig.  140. 


Fig.  141. 


triangular  planes  o  o,  &c.  (Fig.  140)  of  the  positive  oetahedron,  and  its  8iz-£Med  solid 
angles  by  irregular  pentagonal  planes  of  the  negative  tetrahedron  o  o,  &c.  (Fig.  141.) 
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When  the  faces  of  the  poiUwe  octahedron  o  o,  &c.  (Figs.  142  and  143),  predomi- 
nate, its  solid  edges  are  each  replaced  by  two  planes  of  the  pofiiive  three-faeed  tctra^ 
ftedron,  as  a  a,  &c.  (Fig.  142),  and  its  three-faced  solid  angles  by  three  trapezoidal 


Fig.  142. 


Fig.  us. 


planes  a  a,  &c.  (Fig.  143),  forming  the  three-faced  solid  angles  of  the  negaiite  thret- 
faced  tetrahedron. 

CombinatioB  of  the  TetiAhedxon  and  81x-lMed  Tetxahedxon.— AVhen 

the  faces  of  the  six-faced  tetrahedron  eee^  &c.  (Figs.  144  and  145),  predominate,  tlie    i 
obtuse  six-faced  solid  angles  of  the  tix-facid  tUrahedron  are  each  replaced  by  an  irre- 


Fig.  144. 


Fig.  145. 


gular  hexagonal  plane  o  o,  &c.  (Fig.  144),  of  the  positive  tetrahedron  ;  while  its  acute 
six-fM^  solid  angles  are  each  replaced  by  an  irregular  hexagonal  plane  o  o,  (Fig.  145), 
of  the  fiegative  tetrahedron. 

When  the  faces  of  the  tetrahedron  predominate,  each  three-faced  solid  angle  of  the 
tetrahedron  is  replaced  by  six  planes  constituting  the  acute  six-faced  solid  angle  of  the 
potitive  six-faced  tetrahedron,  or  by  six  planes  constituting  the  obtuse  six-faced  solid 
angle  of  the  negative  six-faeed  tetra/iedron. 
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ComhtnaHiHi  of  &konabio  3 
oheAron.— When  the  faces  of  the  tiotOH-faeed 
trapesohedron  hb,  &c.  (Fig.  146),  predoouiiflte,  the 

acute  three-faced  solid  angles  of  the  thret^faeed 
trapezohcdron  are  each  replaced  hj  three  planes  of 
the  rhombic  dodecahedron  r  r,  &c.,  which  form 
one  of  its  three-faced  solid  angles.  When  the 
faces  of  the  rhombic  dodecahedron  predominate, 
the  alternate  three-faced  solid  angles  of  the 
rhonibic  dodecahedron  are  replaced  hy  the  ohtuse 
three-faced  solid  angles  of  the  ticelve-faced  tra- 
pezohcdi'on. 


Fig.  140. 


Combinatton  of  Rhombic  l^odecahedron  and  Thieo-^&eod  Tetxabe- 

dxon.~Figures  147  and  148  show  the  combinations  of  the  rhombic  dodecahedron  wish 


\ 


Jig.  147. 


Fig.  148. 


122 
the  three-faced  tetrahedron,  whose  symbol  is— ^  ;  and  Fig.  149  its  cambination  with 

the  three-faced  tetrahedron  whose   symbol  is  -^. 

In  Fig.  147,  where  the  faeee  r  r,  &c.,  of  Uie  rhomiic 
dodecahedrofi  predominate,  the  edges  of  the  fonr- 
three-faced  solid  angles  of  the  rhombic  dodecahcdroo, 
opposite  the  three-faced  solid  angles  of  the  three- 
faced  tetrahedron  are  replaced  by  planes  a  0  of  the 
latter.  In  Fig.  148  the  six-faced  solid  angles  of  the 
three  faced  tetrahedron  are  eadi  i^laced  by  a  three- 
faced  solid  angle  of  the  rhombic  dod^eahedron.  In 
Fig.  149  each  fonr-faced  solid  angle  of  the  rhomHe 
dodecahedron  is  replaoed  by  two  planes,  a  0,  of  litf 
three-faced  tetrahedron. 

Fig.  149. 
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^Figs.  IfiO  afid  151  Tepremnt  the  oombin«tions  of  tiis  rkombh  dgdioakmUrminA.  ih/t 

1  #  3 
six-faced  Utrahedron  whoso  symbol  is  — J—,  the  faces  marked  r  being  those  of  the 

rhom^  dodecahehroHi  and  those  marked  e  the  faces  of  the  six-faced  tetrahedron.     In 
Fi^.  150  the  three-faced  solid  angles  of  the  rlunnbic  dodecahedron^  opposite  to  the 


Fig.  150. 


Fig.  151. 


obtuBO  aix-faced  solid  angles  of  the  six-faced  tetrahedron,  have  their  edges  replaced  by 
two  planes  of' the  six-faced  tetrahedron.  ,In  Fig.  151  where  the  faces  of  the  six-faced 
tetrahedron  predominate,  the  acute  six-faced  solid  angles  of  that  form  are  each  replaced 
by  a  three-faced  solid  angle  of  the  rhombic  dodecahedron. 

Combixuttion  of  Cnbe  with  the  Pentagonal  ]>odecahedson<— When  the 
faces  of  the  C2c3«  (PP,  &c.,)  predominate  (Fig.  152),  the  edges  of  the  cnbe  are  each 
replaced  by  a  plane  e  c,  &c.,  of  the  pentagonal  dodecahedron.    This  combination  is 


Fig.  152. 


Fig.  153. 


diirtingaiahcd  from  that  of  the  rhombic  dodecahedron  with  the  cube  by  the  inclination 
afPaaCy  not  bdng  185^  Wh6n  the  faces  of  the  pentagonal  dodecahedron^  e  Oy  pre- 
domiiiato  (Fig.  153),  the  edges  of  that  form  through  which  the  cubical  azea  paas,  are 
replaced  by  rectangular  planes  P  P,  &c.,  of  the  cube. 


Digitized  by  LjOOQIC 


352     COICBINATIONB  OF  HBaUHBOHAL  FORMS  WITH  PAKALLBL  FACES. 


OoUhttdioB  with  puaUel  faoM.— Wlien  the  faces  of  tLe  cube  V  P,  Sec.  (Fig.  164), 
predominate,  the  solid  angles  of  the  cube  are  each  replaced  by  a  three-faced  solid  angle, 


Fig.  154. 


Fig.  Ii5. 


eee^ot  the  trapezohedron.  When  the  faces  eee,  &c.,  of  the  trapezohedron  (Fig.  15o) 
predominate,  the  four-faced  solid  angles  of  that  form  which  terminate  the  cubical  axes 
are  each  replaced  by  a  plane  P  of  the  cube. 

Combination  of  the  Octahedron  and  Pentagonal  Dodecahedzon. — ^Whcn 
the  faces  of  the  oeialiedron  o  o,  &c.  (Fig.  156)  predominate,  each  four-faced  solid  angle 
of  that  form  is  replaced  by  two  planes,  e  c,  of  the  pentagonal  dodecahedron.  When  the 
faces  of  the  penlagoniU  dodeealiedron,  e  c,  &c.  (Fig.  158),  predominate,  each  of  its 
three-faced  solid  angles  which  lie  in  the  octahedral  axes  is  replaced  by  a  triangalar 
plane,  o  o,  of  the  octahedron.    When  the  faces  of  the  octahedron  o  o,  &c.  (Fig.  157),  so 


Fig.  IM. 


rig.  157. 


far  prevail  that  their  angolar  points  touch  each  other,  the  combination  presents  the 
form  shown  in  Fig.  157,  bounded  by  eight  equilateral  triangles,  o  o,  &c.,  and  twdTc 
isosceles  triangles,  eCf  &c. 
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yiat^nlc  BodI— .— If  the  pentagoDal  dodeoaliedion  be  bounded  by  twelve  xegnlar 
peiitegoDfl,->-that  is,  pentagons  vbose  sides  and  angles  are  all  equal, — ^it  is  called  tibe 
rtffiOarpmiafftmal  dotheahedrm.  In  this  case 
til&e  isosceles  triangles,  e  e,  &c.  (Fig  157), 
are  equilateral  triangles ;  and  the  combination 
of  the  regular  pentagonal  dodecahedron  with 
the  octahedron  is  a  regular  solid,  bounded  by 
twenty  similar  and  equal  equilateral  triangles, 
and  is  called  the  iootahedron. 

The  tetahcdron,  cube,  octahedron,  regular 
pentagonal  dodecahedron,  and  the  icoeahedron, 
are  the  only  regtdar  solids  which  can  be 
formed;  a  regular  solid  being  one  that  is 
bounded  by  equal  and  similar  regular  recti- 
lineal figures.  These  five  solids  are  called  the 
phttome  bodies.  The  regular  pentagonal  do- 
decahedron and  the  icosahedron  have  not  been 
observed  among  crystals. 

«The  ancient  geometricians  made  a  great  many  geometrical  speculations  re- 
specting these  bodies;  and  they  form  almost  the  whole  subject  of  the  last  books 
of  Euclid's  Elements.  They  were  suggested  to  the  ancients  by  their  believing 
that  these  bodies  were  endowed  with  mysterious  properties,  on  which  the  explana- 
tion of  the  most  secret  phenomena  of  nature  depended/' — Ozanam's  Mathmnatieai 
JRecrealifnu, 

Combination  of  the  Oetahodjon  with  tho  Bomihediml  fyna  of  the  8ix- 
fiioed  Ootehedxon  with  panllel  fitcee.— Al^cn  the  faces  o  o,  &c.,  of  the  detaJt^ron 
(Fig«  169}  predominate,  its  solid  angles  are  each  replaced  by  four  planes,  «« «f,  of  the 


Fig.  158. 


Fig.  i59. 


Fig.  160. 


tnpesodedron.  When  the  feces  of  the  irapeeeedron  e$,  &c.  (Fig.  160),  predominate, 
eadi  of  its  thiee-faced  solid  angles  is  replaced  by  a  triangular  plane,  o,  of  the 
octahedron. 


INORGANIC  NATURE.— No.  XII. 


2a 
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llg.  i«l. 


Fig:  161 


predomiimte,  its  foar-faced  solid  angles  arc  each  replaced  by  tvo  planes,  e  c,  of  the 
pentagonal  dodecahedron.    When  the  faces  of  the  pentagonal  dodecahedron,  e  r,  &c. 
(Fig.  162),  predominato,  its  four-ftujed  solid  angles 
.  are  each  replaced  by  a  triangular  plane,  r  r,  &c., 
of  the  rhombic  dodecahedron. 

Combination  of  the  Rhombic  Bodeca- 
hetfron  with  the  Hcmlhedral  fbtm  or  tin 
Six-fiMod  Octahedxon  with  pazallol  fiices.^ 
In  this  combination,  the  four-fkced  solid  angles 
of  the  trapezohedron,  e  e  (Fig.  '163),  are  each 
replaced  by  a  plane,  r  r,  &c.,  of  the  rhombic 
dodecahedron. 

Complex  Combination  of  Bemihedxal 
Foima. — ^A  crystal  of  Fahlerz,  or  grey  copper  ore, 
is  represented  in  Fig.  164  as  an  instance  of  a  com- 
plex combination  of  the  hemihedral  forms.  The 
faces  marked  P  are  those  of  the  tetahedrtm  ;  f  those 


Fig.  loa. 


Fig.  164. 


of  the  etib$;  I  ore  the  feces  of  the  positive 
three-faced  tetrahedron;  and  r  those  of  the  ne<^a- 
tive  three-faced  tetrahedron,  which  are  both  derived 
from  the  twenty-four-feced  trapezohedron,  whose 
symbol  is  12  2.  o  ase  faces  of  the  rhombic 
dodecahedron  \    n  those   of   the  twelve-faced  trape- 

113 
sohedron,  whose   symbol   is   — h     )  lastly,  those 

marked  e  are  the  twenty-four  faces  of  the  seventh 
form  '^lich  enters  into  this  ooBubiaatioii,  aadis  the 
/onr^^/kMdJMidewluMefl^mbolifl  1  a<90.  13iis  ( 
bination  has  seventy  different  fkces. 


Digitized  by  LjOOQiC 


haut's 


«K»  tBIMIirrfi;  MOLECULES. 


Sdd 


fiUili 


-Undfar  timf  hMd  of  ftlwwgn,  we-.lMCTg  mbl  tiutt  cryatels  of  many 


OTlirttTioe» gplitiitt dywrtii— I. parallel  to  certain  crystalline  forma;  thiu  Galena  splits 
iiife» OTHfcnagiiiln  i  - ftagiMBiryHdlel  to  the  sides  of  a  cube  ;  Fhmr  spar,  into  octahedral  or 
tetmbedml'  paclidiis  paraliel  to  the  planes  of  the  reffular  oatahtdron ;  and  Blende 
(anl^lnirBl  of  siao),  Jn  partides  parallel  to  the  faces  of  a.  rJntnbic  ehdMihsdron,  To  this 
cleMTtgfrtlHDe  «f|MBarnft  limit  but  the  practical  dflBmilty  a&  allying  an  instrument 
to^th»mu»tB  ptrtitlas  a»jis  ta  split  them.  ]kLtfa»oaM'Of  Caleite  (oBrboiiate  of  Ume), 
whiohbdaayet  in  olitoaaiiMBiioids,  it  is  foiaHKt]ialtifta>flH0tdB0tto  wli9ohthis«id^«taiiQe 
can  be  reduced  presented  under  a  poinsofid  aaoEaaoope^  niithia§^  bofe  perffcct  though 
mnnte  rhonboida..  £<iom  these  circumateaoaa  Bfcuf  dad^aced  the  timory- tllat  the  uiiimate 
laolamilas,  or  particles'  of  matter  of  GBfelaDay.'wsra'miBnie  cubea<;  tfaosff  of  Fluor  spac^ 
lygiibr-  tatmhedKua;  of  Blende,  irregiuiar;  tateaSmdtooay  h&TXBg.  their  fiuses  panlbl  to 
tfanarpknea  of.  tiia  riwmbia  dadecahodBon.;  aaf^mndly,  that  ail  ccyalab  were  oomi- 
paaod«£  mfiiaeoles  ^idiota  fotms  might  be  disticmiasd  flbm  tJUir-  cilfiSTagat  or  inferred 
bgr  aaalbgy  from  tJMir*erysiaUifie  forms,  whaai  tilia-  cfeamaj^  cont&  not  Be-  discovered. 
13iBi»  faypoAetioal  soImU  Hawy  calU  thai^M'iwitfini  aaiida- of  tfae*  sajbsteaaos  from,  whkh 
tfkBf  aee  dednoed.  l^iking  thk  ffrimUivet  sattiLfMiir jfrtaawg.  ftm,  he^  dedaoea  all  Ihe 
oHiercryitBllnM  ifaima  in  whidi  the  substfantoaBaa^flaBa  i4^«aacoadaig^tOi  certain  1«wb 
of  tUeremmt—^iat  is,  sappesiBg  his  primary flnRl»hi»  connpaad  <rf  a  lasgrnaBdier  of 
minutajprtifwfMW  mMi;  anaagod  together  in  a  mass  of  the  sanvikB^aa  themaclvcs,  ho 
QooBeimi  the  seoowlary  forms  to  be  derived  from  the  gnmary  one,  by  abstracting 
;  groups  of:  tfaeae  priautiyo  solids,  in  regular  order,  from  its  solid  angles  and 


Bmi  of  IWcmBMrtab — Gakna  ocouia  in  the  fbnns  both  of  the  octahedron  and 
rhombic  dodecahedron  as  well  as  the  cube.  Haiiy  supposes  these  forms  to  be  built  up 
entirely  of  nabute  cubical  particles,  and  formed  from  the  cube  by  abstracting  rows  of 
cubical  particles  aeoording  to  certain  laws. 

IHfUlfaawtW  ob  Bdgea. — R/iombic  Bodicafiedron. — If  a  singly  row  of  cubical 
particles  be  removed  from  the  edge  of  the  large  cubical  mass,  then  two  rows  adjacent 
to  this  one  icmoTed,  then  three  more  row»  adjacent  to  those,  and  so  on,  as  in  Fig.  165. 
If  we  conocive  these  cnbical  particles  to  bo  so  small  that  the  edges,  farmed  by  their 
removal  could  not  be  perceived,  the  cubical  mass  would  present  the  a^iearanco  of  its 
edge  bein^  cut  off  b}-  a  plane,  a  bed.  Fig.  165,  or  r^,;Fig.  16G.     Let  t^o  process  be 


Fl9»166. 


^ 


^^^S^ 


Fig.  16C. 


P«  . 


Fij.  ig;, 


repeated  on  every  edge  of  the  cube,  as  in  Fig.  1G6,  and  carried  still  further  by  the 
lematval  of  niHre  rows  of  cubical  particles^  as  in  Fig.  1C7,  at  length  the  form  of  the 
rhombic  dodccahcdrcn  will  appear. 
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Instead  of  producing  the  rhombic  dodecahedron  fromjthe  cube  by  decrements  of  the 

cubical  mdecules,  we  might 
suppose  it  built  upon  the  cube 
by  the  addition  of  layers  of 
these  molecules;  each  suoces- 
sive  layer  being  one  row  less, 
all  the  way  round,  than  its 
preceding  one,  as  shown  in 
Fig.  168. 

Marking  the  edges  of  the 
cube  by  the  letters  B,  as  in 
Fig.  18,  the  law  of  decrement 
for  the  formation  of  the  rhom- 
bic dodecahedron  is  represented 
by  the  symbol  B^  the  1  aboYe 
the  B  indicating  the  abstrac- 
tion of  single  rows  of  cubical 
molecules  parallel  to  the  edges 
of  the  cube. 

Four 'faced  Cube,  —  If  we 
remove  particles  fit>m  the 
edge  consisting  of  rows  two  in 
height  and  one  in  breadth,  as  in  Fig.  169,  the  edge  of  the  cube  will  be  replaced  by  a 
plane,  abed,  corresponding  to  the  plane  «„  Fig.  170.    Considering  F,  as  the  upper 


Fiff.168. 


Fig.  160. 


Fig.  170. 


Fig.  171. 


surface  of  the  cube,  similar  rows  of  particles  might  be  abstracted  parallel  to  the  edge 
between  Pj  and  Pj,  producing  the  plane  «,.  Bepeating  the  process  for  every  edge  of 
the  cube,  we  should  have  the  form  Fig.  1 70 ;  and,  abstracting  equally  more  rows  accord- 
ing to  the  above  law,  parallel  to  every  edge,  Fig.  65,  we  should  ultimately  form  the 
four-fEUJcd  cube. 

The  symbol  for  this  decrement  is  B' ;  the  figure  i  indicating  that  rows  of  molecules, 
one  in  breadth  and  two  in  height,  are  abstracted  symmetrically  in  every  possible  manner 
from  every  edge  of  the  cube. 

m 

B"  would  indicate  a  law  of  decrement  by  rows  of  particles  m  in  breadth  and  •  in 
height" 
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Fig.  172  represents  the  docrementa  which  produce  the  pmtagonal  dodecahedron, 
which  ifl  the  hemihedral  fom^  of 
the  fouT-ftced  cube,  whose  87m- 
bol.  According  to  Haiiy'8  nota- 
tion, is  B4.  It  Ib  formed  by 
decrements  of  rows  along  the 
edges  of  the  cube  two  in  height. 

DteremenU  on  the  angles  of  the 
primary  form,— It  a  single  cubi- 
cal molecule  be  removed  from  one 
of  the  solid  angles  of  the  cube, 
then  the  row  of  cubical  mole- 
cules which  touched  the  ones  re- 
moved, then  the  next  row  which 
touched  these,  and  so  on,  the 
solid  angle  of  the  cube  would 
be  replaced  bj  a  single  plane, 
a  *^  (Fig.  173). 

This  law  of  decrement  gives 
rise  to  the  eight  planes,  Oj  o,,  &c., 
o^,  Figs.  65,  &^,  67,  producing  the  octahedron.  The  solid  angles  of  the  cube  being 
indicated  by  the  letter  A,  as  in  Fig.  14.  The  symbol 
for  this  decrement  is  A*,  the  decrements  from  the  solid 
angle  being  one  in  breadth  and  one  in  height. 

If  the  decrements  from  the  solid  angle  consist  of  rows 
of  groups  of  particles  m  in  breadth  and  n  in  height,  the 

Kf.  175.  symbol  wiU  be  A*". 

When  II  is  greater  than  m,  or  the  height  of  each  group  greater  than  its  breadth,  a 
triangular  plane  abe  (Fig.  174),  which  is  an  isoseles  triangle,  having  its  sides  greater 
than  its  base,  replaces  the  solid  angle  of  the  cube  and  corresponds  to  the  plane  h 


Fig.  172. 


Hg.  174. 


ng.  175. 


Fig.  170. 


(Fig.  60).  Since  it  is  perfectly  arbitrary  on  which  face  we  suppose  the  cube  to  stand, 
by  altering  its  position  the  same  law  would  produce  two  similar  planes  b^  and  d.„  so 
that  the  solid  angle  would  be  replaced  by  the  planes  b^  b^  and  ^3.  Supposing  every 
solid  angle  replaced  by  similar  planes,  this  law  of  decrement  gives  rise  (Figs.  60  and 
61)  to  the  three-faced  octahedron, 

When  n  is  less  than  m,  or  the  groups  are  less  in  height  than  breadth,  the  solid  angle 
of  the  cube  is  replaced  by  an  isosceles  triangle  ab  e  (Fig.  175),  whose  base  is  greater 
than  its  sides,  corresponding  to  the  plane  a^  (Fig.  62).    This  law  of  decrement  replaces 
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eyeiy  scdid  angle  of  tho  cube  bj  three  planes  04  ^  <^  (^-  '^)  pnidDciBg,ms«h«(«m  by 
Fig.  63,  the  tvcenly-four  faced  trapezohedron.  ♦ 

If  the  rows  of  particles  removed  from  the  solid  angle  connft  ef  greof  9,  aii^^«BtlxMe 
represented  in  Fig.  176,  -where  each  group  is  two  cubical  ndlecides  in  bre«dlh,  tkree  in 

height,  and  four  in  length,  the  symbol  for  the  decrement  ^ill  be  "B^,  B*'  B^,  and  the 
triangular  jdttne  n^placxng  the  solid  angle  will  be  a  scalene  triangle.  According  to  the 
laws  of  sysunetry,  each  solid  angle  of  the  cube  may  be  replaced  by  six  such  triangles 
producing  iiie  phmes  tf,  Cg,  &c,  e^  (Fig.  66).  This  law  of  decrement  is  that  by  wliich 
the  tixfamd  oeUiMsdfxm  (Figs.  66  and  67)  is  deriTcd  from  the  cube. 

Mr.  Brooke,  "whose  modiftcations  of  Haiiy's  decrements  wc  have  given  above,  in  his 
treatises  on  Orystallography,  eonsiders  all  substances  whose  crystals  occur  in  any  of  the 
forms  of  the  cubical  system,  as  deriredfrtnn  the  cube  according  to  these  laws,  regarding 
the  cube  wilihoat  rs^Bscnce  to  their  cleavages  as  the  primitive  form  of  all. 

By  decrements  of -octahedral  or  tetrahedral  particles  from  the  edges  and  angles  of 
the  octrahedron,  when  the  cleavage  of  a  substance  is  octahedral  and  of  irregular  tetra- 
hedrons from  the  edg«8  said  angles  of  the  rhombic  dodecahedron  when  the  cleavage  is 
parallel  to  it,  Hsny  denres  all  their  other  forms. 

When  a  cube  is  supposed  to  consist  of  cubical  molec\iles,  the  faces  of  these  molecules 


F%.  178. 


Fig.  179.  Fig.  180. 

toufih  taoh  other  so  as  to  Icftve  no  intaistiees,  justiu  a  solid  waU  is  built up«withvbri(dc8. 
If  sn  odtahedronbe  oempdsed  of  octahedral  moleoulsB  (Fig.  177),  tiiey  can  <oniy  taosh 


Digitized  by  VjOOQ  IC 


eadi  other'^edges,  iBmvmg  tetndradsdl  ■paoes.'Similaxly  a  tetrahedron  (fig.179)  OGaatsting 
of  octahedral  moleoiileeiBuct  hare  tetrahadral  spaces  between  them.  An  ootahcdron 
(Fig.  178)  and  tetrahedron  (Fig.  180)  composed  of  tetrahedial  noleoules  will  have 
octahedral  spaces  left  between  the  molecules. 

Spheiical  and  Spheroidal  BColecules.— Ilooke  and  Wollaston  contend  that 
the  ultimate  molecules  of  substances  crystallizing  in  forms  of  the  cubical  system 
are  perfect  spheres.  Fig.  181  shows  the  arrangement  of  these  spheres  which  produces 
the  octahedron ;  Fig.  182,  the  tetrahedron ;  and  Fig.  183,  the  cube.     Acoosding  to  this 


Fig.  igl. 


Fig.  182. 


Fig.  183. 


Fig.  184. 


theory,  the  sphere  may  be  substituted  for  the  cube  in  every  one  of  the  cubical  decre- 
ments we  have  described. 

They  derive  the  forms  of  the  other  systems  of  crystals  from  the  combinations  of 
prolate  and  oblate  spheroids  (Fig.  184). 

Crystallographers  generally  have  now  abandoned  these  theories  of  the  forms  of  the 
ultimate  molecules  of  crystalline  substances,  on  account  of  the  numerous  difficulties 
which  a  more  extended  view  of  the  science  has  presented  to  their  reception.  They 
are  now  interesting  a^  the  means  by  which  the  relations  of  the  faces  of  the  crystalline 
forms  to  their  axes  were  discovered,  and  we  have  given  the  outline  of  them,  because 
they  have  had  such  a  powerful  influence  on  the  nomenclature,  and  becomes  so  in- 
corporated in  the  technical  language  of  Chemistry  and  Mineralogy. 


SECOND  SYSTEM— THE   PTBAMTDAL. 

This  system  is  called  the  pyramidal  or  tetragonal  if  its  forms  arc  derived  from  the 
octahedron  on  a  square  base,  or  double  four-faced  pyramid;  the  square  prismatic,  or 
quadraticj  if  deiircd  from  the  right  priem  on  a  square  base.  It  is  also  *e^lM  tbe-  n^ono- 
difwtrieal,  or  two  andnne  ari«l/sy8tem,'!from-tbeprfl9)erties  of  its  axes. 

^kc  hah?ietfral  forms  dfllns  system  are,— two  r^^priww*  on  a  square  base,  two 
double  fbur-faeed  pyixmids,^c  double  eight-faced  pyramid,  and  the  right  prism  on  an 
octagonal  base. 

From  each  df  ihese,  wHh  the  crccption  of  the  prisms  on  a  square  base,  heviihedral 
forms  arc  produced  by  the  development  of  half  their  faces,  and  from  one  of  the  hemi- 
hedral  forms  of  the  double  eight 'faced  pyramid,  by  the  development  of  half  its  faces,  a 
^orm  is  produced  having  only  a  fourth  of  the  faces  of  the  original  form ;  this  is  called  a 
tetartohedral,  or  fourth-faced  form. 

The  hcmihcdral  forms  witii  inclined  faces  arc  the  sphenoid  or  tetrahedron,  Iho  eight- 
faetd4rapezohedron,  and  the  sealenohedron. 

The  hemihedral  forms  'writh  parallel  -feces,— 4i  douiHe  four-faced  pyramid,  and  a 
prism  on  a  square  base. 

The  tetartohedral  form  is  a  tetrahedron  or  sphenoid. 
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MINERALS  BELONGING  TO  THE  FTfiAMIDAL    STSTEM. 


Alphabetical  List  of  the  Minerals  belonging  to  the  Pyramidal  Syetemj  together  with  the 
Angular  JBlemente  from  which  their  Typical  Form  and  Atee  may  be  derived. 


Anataae  (Pyramidal  TitaniTim) 

Apophyllite 

Autunito 

Braunito 

Calomel 

Caasitcrite 

Cliiolite 

Edingtonitc 

Fanjasie 

Ferg:uflomto 

Oehlenite 

Hauamaxmite  (Pyramidal  and  Manganese  Earth) 
Idocrase  (Pyramidal  Garnet) 
Lanthanite  (Carbonate  of  Cerium) 

Matlocldte 

Mellite 


60»  38'. 

51' 

21'. 

61" 

20'. 

sr 

19'. 

60' 

9'. 

33» 

65'. 

4r  8'. 

43' 

39'. 

52" 

45'. 

56' 

40-. 

Unknown. 

68» 

57'. 

28'' 

9'. 

Unknown. 

60' 

26'. 

36*  44'. 

61' 

23'. 

4r  20'. 

32*  47'. 

41' 

35'. 

23' 

45'. 

56' 

1'. 

32'  51'. 

6r  27'. 

21' 

5'. 

51' 

25'. 

44' 

34'. 

Naggagito  (Black  Tellurium} 61 

Phosgenite  (Mmio-carbonate  of  Lead) 

Rutile  (Oxide  of  Titanium) 

Sarcolite 

Scapolite 

Scheclite 

Somerrillit© 

Stolzite  (Tungstatc  of  Lead)         .... 

Tin 

Torberitc 

Towanite  (Pyramidal  Copper  Pyrites)   . 

Wulfenite(MolybdateofLcad)^ 67'  33'. 

Zenotine(PhoBphateofYttria) 41'»    0*. 

Zircon 32*  38'. 

The  S^iuure  IPzisim. — ^The  square  prism,  also  called  the  tetragonal  prism  and 
the  right  priam  on  a  square  base,  is  a  solid  form  bounded  by 
six  faces,  four  of  which  are  rectangular  parallelograma,  such 
as  Ai  A,  As  A,  (Fig.  185),  fonning  the  sides  of  the  pnsm,  and 
the  other  two-^its  top  and  bottom — are  squares. 

By  some  writers,  ^  four  faces  alone  which  are  parallelo- 
grams are  considered  the  faces  of  the  square  pristn  ;  it  is  thea 
called  an  opoi  form,  and  the  two  square  faces  which  are 
required  to  enclose  it  are  considered  distinct  forms,  under  the 
name  of  basal  pinaeoide. 

Axes  of  the  Square  Prism  and  the  Pyramidal  System.— -Lei 

Pj  and  Pj  bo  the  centres  of  the  squares  Aj  A,  A,  A4,  and 

As  A«  A7  Ag,  which  enclose  the  square  prism ;  M^  H,  M,  and 

Join  Pi  Pj,  Mj  M3,  Mj  M4  cutting  each 


-<r^ 

— — P' 

■* 

^^» 

^^.^^ 

"^-.-^ 


Fig.  165. 
M4  the  centres  of  the  four  rectangular  faces, 
other  in  C. 
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The  three  lines,  M^  M3,  M,  M4,  and  P^  F,,  which  are  at  right  angles  to  each  other, 
are  the  axt9  of  the  square  prisn^  and  also  of  die  pyramidal  system, 

Vanuaeten.— The  hase  of  the  square  prism,  and  consequently  the  length  of  the 
equal  axes  C  M^  and  C  M,,  is  perfectly  arhitrary ;  the  height  of  C  P^,  or  the  height  of 
the  prism  when  a  length  has  been  [chosen  for  C  M^  or  C^M,, 
depends  upon  the  ang^ar  element  already  giyen  for  each  mineral 
belonging  to  this  system.  This  angular  element  is  determined 
from  the  angular  measurement  of  some  pyramid  or  octahedron 
whose  faces  occur  most  frequently  among  the  ciystals  of  any 
pcuticular  substance. 

To  determine  CPj,  draw  CM  and  CP  (Fig.  186)  at  right  ^'  ^^' 

angles  to  each  other ;  take  G  M  any  conyenient  length,  as  the  arhitrary  unit  of  the 
system  of  axes. 

Through  G  draw  G  D,  making  an  angle  with  C  P  equal  to  the  angular  unit  of  the 
substance  whose  axes  are  to  be  represented. 

Thus,  for  Anatase  the  angle  P  C  D  will  be  60"  38' ;  for  Apophyllite,  bV  21' ;  for 
Calomel^  60**  9' ;  and  so  on  for  other  substances  belonging  to  the  pyramidal  system. 

From  M  let  fiedl  M  E  perpendicular  to  G  D,  and  produce  M  £  to  meet  the  line  G  P 
in  the  point  P. 

The  distances  G  M„  G  Mj,  and  G  Pj,  Fig.  185,  of  the  points  Mj  Mj  and  Pj  from  G 
I  thus  determined,  are  called  the  parameters  of  the  pyramidal  system. 

It  appears,  therefore,  that  the  axes  of  the  pyramidal  system  are  rectangular,  and  two 
of  its  parameters  are  equal. 

The  edges  of  the  basal  pinacoids^  or  the  breadth  of  the  sides  of  the  square  prism,  arc 
twice  the  length  of  the  equal  parameters  G  M^  or^G  M,,  and  the  height  of  the  prism  or 
its  edge,  such  as  A|  A^  (Fig.  185)  is  twice  the  length  of  G  P. 

To  draw  the  square  iVttffi.— Draw  the  line  Ag  A5  (Fig.  185)  equal  to  twice  G  M 
(Fig.  186). 

Through  A^  draw  Ag  X,,  making  an  angle  of  about  30^  with  Ag  A3. 

Make  A^  A,  equal  half  A,  A^.  Through'  A5  draw  A5  A^  equal  and  parallel 
toAgA;. 

Through  Ag  draw  Ag  A4  perpendicular  to  Ag  A3,  and  equal  twice  G  P 
(Fig.  186). 

Through  A5  Ag  and  A7,  draw  A3  A„  Ag  A,  and  A,  A3  parallel  and  equal  to 
A.  A.. 

Join  A4  A„  A4  A|,  Aj  A,,  and  A3  A,  and  the  square  prism  will  be  represented  in 
penpectiye. 

Ssraabola.— Each  face  of  the  Square  Prism  we  haye  described,  cuts  one  of  the  axes 
at  a  distance  from  the  centre  G  of  the  axes,  equal  to  the  length  of  one  of  the  equal 
parameters,  and  is  parallel  to  the  other  two  axes.  The  two  basal  pinacoids  cut  the  axis 
at  a  distance  equal  to  the  unequal  parameter  and  are  parallel  to  the  other  two  axes. 
Adopting,  therefore,  the  ^ame  principle  we  haye  used  in  the  cubical  system,  our  symbol 
for  this  square  prism  will  be  1  00  00 ,  and  for  the  Basal  Finaeoid  00  00  1. 

For  this  square  prtsm  Naumann's  symbol  is  oo  P  00,  Miller's  10  0,  Brooke  and 
Leyy's  modification  of  Haiiy  M,  and  Mdi's  [P  -f  ^]* 

For  the  basal  pmaeoid  Naumann's  is  0  P,  Miller's  0  0  1,  Brooke  and  Leyy's  P,  and 
MohsP—  00. 
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To  demribe  a  ntt  far  ike  Spmn  JFWmi.— Take  tlie 
parallelograin  A|  A4  A5  A,  (Fig.  185)  for  one  of  &e 
faces  of  tlio  square  pmm,  nage  four  Aieh  jMoallelo- 
grams  as  in  Fig.  187.  Deieribe  two  aqaans  Jumng 
their  sides  equal  to  A^  A4  (Fig.  165)  and  pkce  tbem  as 
in  Fig.  187,  and  the  net  wiU  be  fionned. 


Pig.  187. 


Minerah  ichose  cryttah  present  fares  paraUd  to  ikes^mare  pritm  whou  a^mbol  u  1  00    oc  :- 


Apophj-IHte. 

Mellite. 

Tin. 

Cusaiterite. 

Kaggagite. 

Torberitc. 

Caloroel. 

PboflgenitB. 

Towantte. 

Edingtonite. 

Riitile. 

Wulfenite. 

Gehlenite. 

Sareolite. 

Zenotine. 

IdocraM. 

ScaphQilie. 

ZirtQD. 

Lanthanite. 

SanunerriUUe. 

Minerals  whose  crystals  cleare  paraUd  to  this  form,— those  printed  in  UaKes  mdieatiHg  thai  the 
deavage  is  easy  and  perfect :— 


Caasiterite. 

GebkBfte. 

tsapomc. 

Calomel. 

Pboagenita. 

Sommervillile. 

Edingtonite. 

Ruiile, 

Zenotine. 

Minerals  whou  crystals  prtsent  faces  partdld  $0  ihe'hasaipmaands:^ 


Avatase. 

Apophjllite. 

Braunite. 

Ouslterite. 

Calomel. 

Fcrgnsonlte. 

Qehlenite. 

Hansmanlte. 


Lanthanite. 

Matlockite. 

Mellite. 

Naggagite. 

Pboagcnite. 

Buttle. 

Saroolite. 


■eapenie. 

SeheeUte. 
SommerTiUitc. 


Torberite. 
Towanite. 
Wulfenite. 


Cleavages pareSld  to  the  heml pinaeeids  oecmr  •»  ^fiBmohtg  fnimtrah:'- 


Amstase, 

ApopkylliU, 

Oehleiiite. 

HotmnanniU^ 


Idoacase. 
Lanthanite. 
Jfaggagite. 
PhMgraita. 


SommermUke. 

StDlzite. 

Thrberiie, 

Towanite. 

Wnlfenite. 


7b  dixw;  the  Scemd  Square  JVf«».— Drair  liie  axes  F^  T,,  It,  H„  and  M,  'H4  «a  in 
Fig.  185.       Through  M^  M,  M,  and  M4,  draw  Bj  B^^,  B,  Bq,  B3  By,  aad  Si  ^ 


Digitized  by  LjOOQiC 


SQUABB  PRIbX. 


VF^"^ 


^5       ^ 


'pamlldL  and  equal  to  Pj  P,*    •'^^  ^i  ^v  ^2  ^3)  ^^-^  ^^^  aflecond  square  prism  will  be 
described  in  a  difPerent  position  from  the  former  one. 

In  tbis  prism  the  axes  in  whieh  the  equal  parameters  lici  pass 
ibrongh  its  edges,  irhile  in  the  prism  previously  described  they 
are  perpendicular  to  its  faces. 

This  prism,  like  the  formcri  is  an  open  form,  closed  by  the 
same  basal  pinaooids  perpendicular  to  the  axis  Pj  Pj. 

SynibolB. — Each  face  of  this  prism  cuts  two  of  the  axes  at  a 
distance  equal  to  that  of  the  equal  parameters  from  the  centre  C, 
and  is  parallel  to  the  third.  Thus  the  plane  6j  Bj  B^  Bq  cuts  the 
axes  C  M^  and  C  Mj  in  the  points  M^  and  M,,  and  is  parallel  to 
C  Pj.     The  symbol,  therefore,  which  represents  this  relation  of  f 

the  faces  of  the  prism  to  the  axes  is  1  1  00 .  ^**'  ^^ 

Naumann's  symbol  is  00  P,  Miller's  110,  Brooke  and  Levy's  g^  Mob's  P  +  00 . 
This  farm  being  in  all  respects  similar  to  that  of  the  preceding  square  prism,  except  in 
the  breadth  of  its  faces,  and  its  position  with  regard  to  the  axes,  its  net  will  be  de- 
scribed in  the  same  manner  as  Fig.  187. 


Faces  paralUl  to  th9  Square  Frism  whose  Sytnbol  is 

minerals : — 

1  1 

00 ,  occur  m  the  follou:ing 

Anatave. 

Apoliymte. 

CsHitertte. 

Cslonel. 

Idoerfme. 

MaOoekite. 

Phosgenite. 

Rullle. 

8areoUte. 

Soapottte. 

Scheelito. 

Bomervillite. 

Stolzito. 
Tin. 

Tovanite. 
Wulfenite. 
Zircon. 

Nanagite. 

ThefoHotcwff  Minerals  have  cleavages  parallel  to  the  Square  Frism  whose  Sjfmbol  is 

1  1  00  :— 

Csnlterite. 

JUoemsB, 

MatlMkite. 


Phosgenite. 
JLuUle. 


Scapolite. 
Zircon. 


IHm^le  Fofur-racod^Vyaamid  of  tho  Fimt  ezdev.— The  double  fonr-lucd 
pyramid,  or  octahedron  on  a  square  base,  is  a  solid  bounded  by 
eight  iri^ng*'!*^^  faces,  such  as  P,  G^  G^,  Fig.  189,  each  fkce  being 
an  isosceles  triangle ;  it  has  foxii  four-faced  soHd  angles^  G^  Gj  G,  G4, 
formed  by  the  equal  angles  of  the  isosceles  triangles,  and  two  four- 
factd  solid  angles.  Pi  and  'P„  formed  by  the  unequal  angles  of  the 
isosceles  triangles.  Four  equal  edges,  G^  G2,  ^ 
&c..  which  are  the  bases  of  the  isoseelai 
triangles,  and  eight  other  edges,  P,  Gj,  Pj  Gj, 
&c.,  equal  to  one  another,  but  unequal  to  the 
former,  which  arc  the  sides  of  the  isosceles 
'triangles.] 

To  Draw  the  DouUe  Fottr^Faeed  Fyrandd  ^f  the  First  Order. 
— Describe  the  square  prism  Aj  A^  &c.,  A^,  with  its  axes  Pj  P.,, 
Arc,  as  directed  for  Fig,  185. 

Through  M,  M.^  M.,  and  M^,  Fig.  190,  di«w  G4  G^,  Gj  G3,  O^Xs.^, 
and  G3  G4,  parallel  to  A4  Aj,  Aj  A^,  A^  A3,  and  A^  A^,  and  cutting 
the  edges  of  the  prism  in  the  points  G|  G,  G,  and  G4. 


ng.  169. 
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Join  P,  Gi,  Pi  Gj,  Pj  G3,  &c,,  as  in  Fig.  190,  and  tho  pyramid  will  bo  drawn. 

Axes. — From  the  description  of  this  pyramid  it  is  evident  that  the  axes  in  which 
the  equal  parameters  aro  token  join  the  centres  of  the  edges  Gj  G,,  G,  G^,  G3  G^, 
and  G4  G^,  which  aro  the  edges  of  the  bases  of  two  equal  square  pyramids  which 
joined  together  form  the  figure,  while  the  third  axis  joins  the  apices  P|  P,  of  the 
pyramids. 

Symbols. — ^Eadh  face  of  this  double  pyramid  cuts  one  axis  at  a  distance  eqiuil  that 
of  one  of  the  equal  parameters,  the  second  axis  at  a  distance  equal  to  the  unequal 
parameter,  and  is  parallel  to  the  third  axis. 

Thus  the  face  P|  G^  G,,  Fig.  190,  cuts  the  axis  C  M,  in  M,,  is  parallel  to  the  axis 
C  Mt,  and  cuts  the  axis  C  P,  in  P,. 

The  symbol  which  expresses  this  relation  to  the  axes  is  Iw  1. 

Naumann*s  s3rmbol  for  this  form  is  Poo ,  Miller  s  10  1,  Brooke  and  Levy's  &\ 
andMoh'sP-1, 

Indinatim  of  th$  Faces.— IaI  ^  be  the  inclination  of  the  adjacent  faces  measured 
over  the  edges  G^  Gj,  &c.,  B  their  inclination  over  the  edges  P^  G|,  &c.,  and  a  the  angalnr 
element  given,  page  360. 


Then  tan.  — ^-^  as  cot.  a  and  cos.  ir  —  9  ^  ^sin.  ' 


'-) 


are  the  formuhe  from  which  these  inclinations  may  be  determined. 

To  Describe  a  Ket  of  the  Double  Four^  Faced  Pyramid  ichose  Symbol  is  1  oo  1. — 
Describe  a  square,  G^  G,  G3  G^,  Fig.  191,  having  its  rides  equal  to  twice  C  M^,  Fig.  190, 
or  equal  to  twice  the  length  of  one  of  the  equal  parameters.  This  square  will  be  tho 
base  of  the  double  pyramid.  Let  C  be  its  centre.  Join  C  G^,  C  G.^,  C  G^i,  and  G  G4. 
Then  (Fig.  192),  draw  C  P  perpendicuhir  to  C  G.  Take  C  P  =  C  Pj,  Fig.  190,  and 
C  G  =  C  Gi,  Fig.  191.    Join  P  G. 


Fig.  191. 


Fig.  193. 


Fig.  194. 


Draw  Gj  G^  Fig.  193,  equal  to  Gj  G,,  Fig.  191. 

On  Gi  G,  describe  an  isosceles  triangle,  P^  G^  G,,  having  its  equal  sides,  P  G^  P  G*, 
equal  to  P  G  (Fig.  192).  P  G^  G^  will  be  a  face  of  the  double  four-faced  pyramid,  and 
eight  such  faces  arranged,  as  in  Fig.  194,  will  give  tho  required  net. 

To  Draw  a  Map  of  the  projection  of  tlie  Poles  of  the  Double  Four-Faced  Pyramid  whose 
Symbol  w  1  00  1,  upon  the  Sphere  of  Profectionf  as  well  as  those  of  the  Square  Prisms 
already  described.— With.  P^  as  centre,  and  any  convenient  radius  Pj  Mj,  describe  the 
circle  Mi  M^  M.v  Let  Mi  M4,  and  Mn  Ms,  be  any  two  diameters  perpendicular  to  each 
other,  d^  d^^  and  d^  i/4,  two  diameters  bisecting  the  right  angles  Mj  Pi  M^,  and  M,  Pj  M4. 
Then  Pi  will  represent  the  north  pole  of  the  sphere  of  projection,  and  Mj  M,  M3  its 
equator. 
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pinaooid.    H^  M,  M,  M4  the  poles  of  the 


I 


Pj  will  represent  the  pole  of  the 
faces  of  the  square  jnism 
whose  symbol  is  1  00  00 , 
di  d^  d^  and  d^  those  of  the 
fiwes  of  the  square  prism 
whose  symbol  is  1  1  00 . 

The  imles  a^  a^  03  04  of 
the  doable  foor-fiieed  py- 
ramid, irhose  symbol  is 
1  00  1,  always  lie  where 
the  circle  of  their  latitode 
cats  the  meridians  G  M,, 
C  ¥3,  C  M3,  and  C  M^; 
their  latitude  being  equal 
to  the  angular  element  of 
the  substance  to  which  the 
crystal  belongs. 


Cry$taU  whose  Faces  oeettr  parallel  to  t/ie  DouNe  Four-Faced  Pyramid,  tck^ue  eywhol  is 
1  1  00 ,  together  with  the  latitude  of  their  poles  on  the  sphere  of  projection, 

Anatase 60'  38' 

Braunitc 64"  20' 

Cassiterite 33''  66' 

Calomel eO"*    9' 

Edingtonite 43'  39' 

Fanjasite 62*  45' 

Hausmannitc 68"  67' 

Idocrase 28»    9' 

Matlockite 60°  26' 

Mellite 36**  44' 

Naggagite 61*  28' 

Phosgenite 47*  20' 


Rutile 32*  47' 

Saicolite 41*  86' 

Scapolite 23*  46' 

Schcelite 56*    1' 

Somervillite 32*  61' 

Stolzite 67*  27' 

Tin 21*    6' 

Torbcrite 51*  25' 

Towanite 44*  84' 

Wulfenite 67"  83' 

Zenotine 41"    0* 

Ziitson 32*  38' 

Three  of  these  minerals  cleave  parallel  to  the  form  1  1  00 ,  Anatase,  Braunite,  and 
Oasaiterite,  the  first  two  with  a  perfect  dearage. 
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Ciim^FAc^d  l>ynBrfi  <rf  tli*  StteQ«d.toA«R.i— This  ^ramid  diiEsis 
from  the  former  only  in  the  position  and  size  of  its  base.  The  auae  figure  hog 
described  (Fig.  197}  as  Fig.  185. 

Join  Mi  M„  Mj  M3,  M,  M4,  and  M^  M^ ;  also  join  P,  M^,  Pi  M^  Pj  M»  P^K^, 
and  Pj  Ml,  P,  M,,  P,  M,,  P,  M^. 

And  the  dotAU  four*'faced  pyramid,  P^  M^  M^  P,,  Figs.  196  and  197,  of  tli» 
order,  wiU  be  inscribed  in  the  sqoare  prism. 

In  tlus  prism,  the  axes  in  which  the  equal  parameters  lie,  jpiiL  the  sfllid 
the  base  of  the-  pyramids  M|  M3,  and  M,  M^. 

In  Fig.  191,  let  M|  M,  M3  M4  be  the  centres  of  the  sides  of  tibe  aqiiasa. 

Join  C  Ml  C  My  &c.,  C  M4,  and  Mj  Mj,  M^  M„  M3  M^,  andM^. Mj. 

Then  M^  M^  M3  M4  will  represent  the  common  base  of  the  pTramida  of  the 
order,  G^  G,  G,  G«  that  of  the  pyramids  of  the  first  order,  and  M^  M^  and  M^  Mirths 
position  of  the  axes  with  respect  to  these  bases. 


FSg^liB. 

To  find  the  face  of  thia  form,  produce  G  C  to  M  (Fig.  192).  Make  C  M  equal  to 
C  Ml,  Fig.  191.    Join  P  M. 

Draw  Ml  M,,  Fig.  198,  equal  to  Mi  Mj,  Fig.  191. 

On  it  describe  the  isosceles  triangle,  P  Mi  M2,  having  the  equal  sides  P  M|,  P  M, 
equal  to  P  M,  Fig.  192    P  Mj  Mj  will  be  a  face  of  the  pyramid. 

Eight  such  triangular  faces,  arranged  as  in  Fig.  194,  will  form  the  net  of  die  dovik 
four-faced  pyramid  of  the  second  order 

Symbols,— 'Every  face  of  this  form  cuts  the  three  axes  at  distances  from  its  centre 
equal  to  that  of  the  parameters ;  the  symbol  which  expresses  this  relation  is  I  1  1. 

Naumann's  symbol  is  P,  Miller's  111,  Brooke  and  Levy's  (f,  Moh's  P. 

Inclination  of  Faces. — If  ^  bo  the  angle  of  inclihation  of  adjacent  faoes  oyer  the 
edges  Ml  M^,  M^  M3,  &c.,  0  that  oyer  the  edges  P^  M^,  P,  M^,  &c.,  and  a  thai  of  the 
angular  clement,  page  360. 

tan.  ^  "Z      =  cot.  a  cos.  45''. 


^x3 


cos.  (ir  —  e)  =  [ — 

Position  of  the  Poles  of  this  Form  on  the  Sphere  of  Profeetion. — Tho  latitude  of  the 
poles  of  this  form  is  the  same  for  all,  four  lying  in  the  same  parallel  of  north  latitude, 
and  four  in  the  same  parallel  of  south  latitude.  Four  poles  lie  in  the  zone  paning 
through  the  pole  P^  of  the  form  oo  oo  1,  and  the  poles  d^  and  d^  of  the  square  priaa, 
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.tike  pok»  of  tfie  dMble 


Ikea  parallel  to  this  form  ooenar  in  (hefoUoufinf  mmeralif  tk9  aught  are  the  latitude  of 

theirpolei : — 

Anatase 6^18? 

A^AyUite W  ZT 

Oafami 67^  ^' 

Caasiterite 

GhioUte 

Ferguaonite 

Hausmanxiite        ....... 

Idocraae 

Maaockite 


Jf»89afl^te 
Pbo^enite 
RutOe 
Sarcolite 


43"  33' 
56'  43' 
64»  41' 
49"  36' 

37'  r 

68'  9' 
46"  33' 
68'  56' 
66"  54' 

42'  ay 
51"  2r 


Scapolite Sr  54' 

Scheelite 

Stolzite 

Tm 

Towanite 

Wulfenite 

Ziieon 


64"  31' 
e«*  42' 

54"  W 

66"  4r 

42"  10' 


]KmMor< 


Of  these,  FergoBonite,  Hauamaimite,  Stolzite,  Wulfcnite,  and  Zircon,  £aTC  cleavages 
pandld  to  this  double  four-faced  pyramid. 

Faced  Pyxamids  dezived  firom  the  Foxm  1  cD  I.— detaining 

'  the  same  baae  G,  G^  G3  G4,  Fig.  190.    TakeX  P,  and  C  Pg,  Fig. 

199,  equal  to  m  times  C  P^,  Fig.  190,  m  being  any  fraction  or 

whole  number  greater  than  unity.    Join  P5  Gj,  P^  G3,  &c.,  as  in 

Fig.  199,  and  the  pyramid  will  be  constructed. 

For  Fig.  200  take  C  P3,  C  P4  =  m  C  Pj  Fig.  190,  m  being  a 
finction  less  than  unity. 

Join  P3  Gi,  Pj  Gjp  &c.,  as  in  Fig.  200, 
and  the  pyramid  will  be  comtmcted. 

The  series  of  pyramids,  such  as  Fig. 
199,  are  more  acute,  and  those  of  Fig. 
200  more  obtuse,  than  the  original  pyrm- 
-mid  1  00  1. 

iSymiofe.— The  symbol  for  these  double  ^* 

four-faced  pyramids  is  1  oo  m,  as  each  **  **• 

&ce  cuts  one  axis  at  a  distance  equal  to  one  of  the  equal  parameters,  is  pwalfel  to  the 
other,  and  cuts  the  third  at  a  distance  equal  to  m  times  the  greater  paranetcr. 
Naumann's  symbol  is  m  P  ao ,  ViSer's  hoi,  Brooke  and  Lery's,  bm. 
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iVJM.— The  poles  of  these  pyiamiclB  always  lie  in  the  sone  M  P  M,  Fig.  195,  tkose 
of  the  acute  pyiamids  being  between  a  and  M,  those  of  the  obtose  between  P  and  «: 
the  poles  of  the  upper  pyramid  He  in  the  same  circle  of  north  latitade,  those  of  the 
lower  in  the  same  circle  of  south  latitude. 

Axes,— The  axes  C  Mj,  C  M,,  &c,f  in  which  the  equal  parameters  axe  taken,  j<un 
the  centres  of  sides  of  the  base,  Fig.  199  and  200,  while  the  third  joins  the  apices  d 
the  two  pyramids. 

IndinaHon  of  Faces. — If  ^  be  the  angle  of  inclination  of  adjacent  fkoes  over  the 
edges  Gi  G^  G^  G^,  &c.,  B  that  over  the  edges  ?«  G^,  ?«  G4,  ftc,  and  a  the  angular  dement 
of  the  substance, 

IT  —  »        1 
2      ~~  ffi 


Tan. 


-  cot,  ( 


Cos.  (ir-e)  =  (8in.^-rL?y 


Foitna  of  the  double  four-faced  pyramid  tclwee  tymM  itloom  which  have  been 
in  ncUure,  togetJier  with  the  latitude  of  their  poles  on  the  sphere  ofprojeeUon, 

The  form  1  <»  if  i  P  <»  Naumann ;  105  Miller ;  and  b^  '^rocke  and  Levy. 

Anatase ;        19' 34'. 

ApophyUite .         14"    3'. 

Scheelite 16°  31'. 

The  form  1  00  i,  ^  P  00  Kaumann ;  103  Miller ;  and  b^  Brooke  and  Levy. 

Calomel 30'   9'. 

Hausmannite '28^58'. 

Wulfenite 27M0'. 

Hausmannite  cleaves  parallel  to  this  form. 
The  form  1  oo  i,  ^  P  00  Naumann  ;  102  Miller ;  b*  Brooke  and  Levy. 

ApophylUte 82^2'. 

Edingtonite 25^*26'. 

ScheeHte 86*  84'. 

Torberite 32*    4'. 

Wulfenite 38Mr. 

The  form  1 «  |,  J  P  00  Naumann ;  203  Miller;  bi  Brooke  and  Levy. 

Torberite 39«63'. 

Towanite 38M8'. 

Wulfenite 46«  21'. 

The  form  1 00  f,  f  P  00  Naumann;  302  Miller ;  ba  Brooke  and^vy. 

Towanite 66°  66\ 

Wulfenite 67*   2'. 

The  form  1  00  2,  2  P  oo  Naumann  ;  201  Miller ;  bi  Brooke  and  Levy. 

Anatase 74' 14'. 

Braunite 70*  15'. 

Idocrase 46^57'. 

"    Torberite 68M5'. 

_^  Towanite eS**   6'. 

Torberite  cleaves  perfectly  parallel  to  this  form. 
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196), 


The  fomi  1  oo  3,  3  P  oo  Naumaim ;  301  Miller ;  b^  Biooke  and  LoYy. 

BntUe 62°  88'. 

Tin 49M0'. 

Tli«  fonn  1 00  5,  5  Poo  Naomann ;  601  Miller;  hi  Biooke  and  Levy. 

Casaiterite 78«  26'. 

When  m  becomes  infinitely  great  tliia  pyramid  paasea  into  the  square  prism  whose 
sign  ia  1  oo  oo ;  as  m  approaches  to  zero  the  pyi:amid  approximates  to  the  basal 
pinacoid. 

DouUo  Foiur-laced  TjimaiddM  d«iiT«d  from  tho  Pyiamid  of  tho  Socond 
Order.— Retaining  the  same  base  M,^  M,  M,  M4,  as  in  Fig.  196. 
Take  G  P3,  G  P«,  as  in  Fig.  201,  equal  to  m  times  G  P^,  Fig.  196, 
m  being  any  fraction  or  whole  number  greater  than  unity. 
Join  P,  M„  Pg  M„  &c.,  as  in  Fig.  201. 
For  Fig.  201  take  G  P.,  or  C  P*  equal  to  m  times  C  P^  (Fig. 
m  being  less  than  unity. 

Join  P«  Ml,  P5  My  &c.,  as  in  Fig.  202,  and 
the  pyramid  will  be  constructed. 

The  series  of  pyramids,  such  as  Fig.  201,  are 
more  acute,  and  those  described  as  Fig.  202  are 
more  obtuse  than  the  original  pyramid  whose 
symbol  is  1 1 1. 

Symbols.^  The  sjrmbol  for  these  pyramids 
whose  fi&ces  cut  two  of  the  axes  at  a  distance 
equal  to  that  of  the  equal  parameters  from  their 
centre,  and  the  third  at. a  distance  m  times  the  greater  paramenter,  is  11 

mann's  symbol  is  mP,  Miller's  hhl,  Brooke  and  Leyy's  a"** 

Poles. — ^The  poles  of  these  pyramids  always  lie  in  the  zone  dVd  (Fig.  195),  those 
of  the  acute  pyramids  being  between  b  and  d,  those  of  the  acute  being  between  P  and  b. 

Axet. — The.  axes  join  the  opposite  four-faoed  solid  angles. 


F!g.201. 


Nau- 


Indmatum  of  Faee$. — If  ^  be  the  angle  of  inclination  of  adjacent  flnces  over  the 
edges  Ml  M,,  M,  M3,  &c.  (Figs.  201  and  202),  Q  that  over  the  edges  P5  M^,  P5  M,,  &c., 
a  the  angular  element  of  the  substance, 


tan.  I^IZI  =    \     cot.   a  cos.  45^ 
2  m 

COS.  (»-<?)=   (sin.  ^^1^.)' 


Formi  of  the  Double  four-f need  Pyramid,  wkote  Symbol  w  11  m,  whieh  have  been  observed 
in  Nature,  toyether  with  the  Latitude  of  their  Poles  on  the  Sphere  of  Projection. 

The  fonn  1, 1,-^;  -ji^P  Naomann;  1,  1,  16  Miller;  a^*  Brooke  and  Levy. 
Wulfenite  ...        .        .        7*55'. 

The  form  1, 1,  ^;  i  P  Naumann;  1,  1,  7  Miller;  «'  Brooke  and  L6vy. 
Anatase 19M6'. 

INORQANIO  NATURE.~No.  XIII.  > 
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The  form  1,  !>  i ;  i  P  NsuiBaim ;  1,  1,  5  Miller ;  a*  Brooke  and^Lery. 

Anatase 26''  14'. 

Apophyllite 19"  SO'. 

The  form  1,  1,  f ;  |  P  Naumaxm;  2,  2,  9  Milkr;  av  Brooke  and  Levy. 
Wulfenite 28*18'. 

The  form  1,  1,  i;  J  P  Namnaim ;  1,  I,  4  Miller;  a*  Brooke  and  Levy. 
Toiranite 19*28'. 

The  form  l^  I9  ^ ;  J  P  Katimaim ;  1,  1,  3  Miller ;  o^  Brooke  and  Levy. 

Anatase 30^38'. 

Idocrase 14*  KT. 

Towanite 24»56'. 

Apophyllite 30^  32*. 

SarooUte  22*41'. 

Wnlfemte 36*33'. 

Calomel  30-24'. 

ScheeHte 84*58'. 

Wulfenitc  deaves  parallel  to  this  pyramid. 

The  form  1,  1,  i ;  ^V  Kaumann ;  1,  1,  2  MiHer ;  a^  Brooke  and  Levy. 

^  Idocraao  20*  44*. 

ScheeUto 46*  22'. 

Stolzitc  47*  55'. 

Towanite 34*  52'. 

The  form  1,  1,  f ;  f  P  Nanmaim ;  8,  3,  5  Miller ;  t^  Brooke  and  Lery. 
Caariterito 29*  4y. 

The  form  1,1,};  |  P  Naumamx ;  3,  3,  2  MiBer ;  (A  Brooke  and  Levy. 

Towanite 64*  26'. 

Wnlfenito 78*  19*. 

The  form  1,  1,  2 ;  2  P  Naomaim ;  2^  2, 1  Miller ;  ai  Brooke  aAd  Levy. 

.    Idocrase 66°  33'. 

Stolzite  77*  17'. 

Towanite 70*  16'. 

Zircon  61*  6'. 

The  form  1,  1,  ♦ ;  4  P  Naumann ;  5,  6,  2  Miller ;  ai  Brooke  and  Levy. 
Gaasiterite 67*  21'. 

The  form  1,1,3;  3  P  Naumann ;  3,  3, 1  Miller ;  ai  Brooke  and  Levy.  j 

Idocraae 66*  34'.  ♦ 

SoapoUte 61*  50'. 

Tin 58*  34'.  ; 

Zircon 69*  48'.  j 

The  form  1, 1,  4 ;  4  P  Naumann ;  4,  4,  1  MiBer ;  a*  Brooke  and  Levy. 

Idocraae  71*  43'.  • 

As  m  increases  in  magnitude,  this  pyramid  approaches  to  the  square  prism  whose 
symbol  is  1 1  00 ;  and  when  m  hccomes  infinite  coincides  with  it.  • 
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Fir.  203. 


o^tbr  riist  OMdMT.—Bx  devebinng 

half  tho  faces  of  the  doable  four-fiused  pyramid  of  the  first  order,  a  hemihedral  tdnn, 

with  inclined  fiaces  is  produced,  irhich  is  called  a  tphmoidy  or  in-egular  tetrahedron. 

Thus  (Fig.  203),  the  four-faces  P,  a^  G4,  P,  G^  G3, 

PaGjG,,  andPjG3G4  0f  the  pyramid  Pj  G,  G,  P, 

(Fig.  189)  being  produced  till  tiiey  meet,  form  the 

sphenoid  Q^  Q3  Q3  Q^  (Fig.  203).     This  sphenoid 

may  be  called  the  positive  sphenoid.    The  other  four 

fBCCB  being  produced  till  they  meet,  form  another 

sphenoid  equal  in  aU  respects  to  the  former,  and 

dijBfering  only  in  position ;  this  is  called  the  negative 

sphenoid. 

The  sphenoid,  so  called  from  its  wedge-like  shape, 

is  bounded  by  four  isosceles  triangles,  such  flsQi  Q3  Q3 ; 

has  six  equal  edges,  such  as  Q,  Q2  ^  and  four  three- 

fhced  solid  angles  Qi,  Qv  ^  &>^d  Q4. 

Th  Draw  the  Sphenoid  derived  from  the  Pyramid  of  the  First  Oz-dfr.— Through  Pj 

(Kg:  203)  draw  Qj  Qg  parallel  to^Gj  G*;  and  through  F^,  Q3  Q4  paraUel  to'G.'G;: 
Make  Pj  4i  «id  Pj  Q,  equal  to  G^  G^,  andTj  QiandPjQa 
equal  to  Gj  Gj.  Join  Qi  Qg,  Qi  Qi,  Q^  Qa,  and  Q^  Q^. 
In  a  similar  manner  the  sphenoidiB,  derived  from  the  double 
four-faced  pyramids  (Figs.  199  and  200), 
may  be  drawn. 

To  Construct  the  Net  for  the  Sphenoid. 
—Draw  tfie  Ifaio  Qi  Q2  (Pig.  2C4)  equal 
to  twice  Oj  Gj  (Fig.  198) ;  on  it  describe 
the  isosceles  triangle  Q^  Q3  Q2,  haying 
each  of  its  sides,  %  Q3,  Q^  Q^,  equal 
Fig. 204.  twi«>PGi(Pig.l9!^.    QiQaQgWillBe 

a  face  of  the  sphiNioid ;  and  fbur  such 
finos^  arfaiged  as  in  Pig.  205>  wiH  form  the  required:  net. 

CryHals^hose  Facts  oeeur  poruUel  to  ike  Spheneidderivedfrom  the  jPjsframids  of  the 

9  First  Order. 

The  sphenoid,  derived  fpoml^e  pyramid  whose  symlK)l  is  lloo ,  occurs  in  Edingtonite, 
Stobnte,  Towsaite  aod  Wulfenile ;  and  from  [the  pyramid  whoso  sign  is  loo  ^  in 


Fig.  205. 


The  poles  4B|  <%  of  the  jNxnieiM  sphmwidMi^  in  th»  zone  M^  Pj  M4  (Fig.  195),  in  the 
northern  hemisphere  of  the  sphere  of  prqjeetieB;  and  the  other  two  poles  in  the  zone, 
IC3  P,  Ms,  in  the  soathem  hendiphere :  a,  ««,  poles  of  the  ne§ative  sphenoid^  lie  in  the 
zone  Mj  P^  M3  of  tbe  noetheen  heDusphere ;  tii»  poles  in  the  southern  lie  in  the  zone 
M,P,M^. 

SfboBolAdsrtireAfinttL'tiie  JP^pminiAtff  tiw  Second  Order.— By  dcyeloping, 
as  io;  the  lest  case,  the  akemsto  feces  of  the  double  foop-fEiced  pyramid  (Fig.  197)  whose 
symbol  is  HI,  two  hemihedral  forms  with  inclined  faces  will  be  produced,  which  are 
«|bsneids. 

Te  Omstrm^  th€  BpkemMLr^JhKW  the  prism  A^  A,  A.  A,  (Fig.  206)  as  in  Fig.  196. 
Join  Aj  A3,  A<,  Ag,  Aj  At,,  A^  A^,  A3  A,,  and  A,  Ag,  and  UtiQ positive  sphenoid  Ai  A5  A^  Ag 
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(Fig.  207)  will  be  drawn.    The  negativ*  aphenoid  may  be  constructed  by  joining  the 
points  A,  A4,  A.  A7,  A4  Aj,  A4  A^,  A«  A7,  and  A4  Ag. 


A,  **#  "* 

Fig.  206.  Pig.  207.  Fig.  206. 

To  (hrutruet  the  Face  of  this  Sphenotd.—Dnw  Aj  A3  (Fig.  208)  equal  to  twice  Mi  M, 
(Fig.  198) ;  on  it  describe  the  isosceles  triangle  Aj  Ag  A„  having  its  sides  Aj  Ag,  and 
A3  Ag,  equal  to  twice  P  Mj  (Fig.  198).  Four  such  triangles,  airanged  as  in  Fig.  206, 
will  form  the  net  for  this  sphenoid. 

In  a  similar  manner  the  sphenoids  and  their  nets  may  be  constructed,  which  are 
derived  from  the  pyramids  whose  symbols  are  of  the  form  II  m. 

Oryetale  whose  Faces  occur  parallel  to  the  Sphenoids  derived  from  Pyramids  of  the 

Second  Order,, 
The  sphenoid  derived  from  the  pyramid  whose  symbol  is  111  occurs  in  Stolzite, 
Towanite,  and  Wulfenite ;  and  from  the  pyramids  whose  symbols  are  11^  and  11|^  in 
Towanite. 

The  poles  h^  5,  (^^*  ^^^  ^^  ^^  positive  sphenoid  lie  in  the  zone  d^  P^  d^  of  tiie 
northern  hemisphJeie ;  and  its  other  poles  in  the  zone  d^  P^  di  of  the  southern  hemi- 
sphere of  the  sphere  of  projection.  The  poles  63  ^4  of  the  negative  sphenoid  lie  in  the 
zone  dj  P,  d^  of  the  northern,  and  its  other  poles  in  the  zone  d^  P^  d^  of  the  sonthetn 
hemisphere. 

Octagonal  Pilna. — ^The  octagonal  prism,  also  called  the  ditetragonal  priam,  and 
the  right  prism  on  an  octagonal  base,  h  %  solid  bounded 
by  ten  faces,  eight  of  which,  such  as  M^  £j  Eg  Mg,  arc 
rectangular  parallelograms,  fonning  the  sides  of  the 
prism.  The  other  two,  forming  the  top  and  bottom  of  tiie 
prism,  are  irregular  octagons.  When  this  prism  is  con- 
sidered an  open  form,  its  sides  alone  are  considered  the 
planes  of  the  prism,  and  the  two  faces  which  inclose  it 
axe  the  planes  of  the  basal  pinaeoids. , 

Axes, — The  rectangular  axes,  in  which  the  equal 
parameters  are  taken,  join  the  points  M^  Mj,  andlC,M4; 
while  the  third  axis  coincides  with  the  geometrical  axis 
of  the  prism. 

Symbols, — ^Each  face  of  the  octagonal  prism  cuts  one  of  the  axes,  as  G  M^  (Fig.  190), 
at  a  distance  C  Mj  equal  to  the  length  of  one  of  the  equal  parameters ;  the  other  axis, 
as  C  My  at  a  distance  equal  n  times  that  parameter,  where  n  may  represent  any  whole 


Fig.  209. 
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Fig.  310. 


nomber  or  fraction  greater  than  unity,  and  the  fkoe  ia  parallel  to  the  third  azia  C  Pj,  in 
which  the  unequal  parameter  ia  taken. 

The  aymbol  which  ezpresses  this  relation  to  the  aaea  ia  1  •  oo . 

Kaumann's  s^bol  for  this  form  is  oo  P  n,  Miller's  hko^  Brooke  and  LoTy's  ^. 

JitelmaiioH  ofihB  JWm.— Let  ^  be  the  angle  of  inclination  of  the  faces  measured 
Ofyer  the  edges  Ej  Ea,  E,  E,,  &o.,  and  0  over  the  edges  M^  Mg,  M,  M^. 

Cos.  (r-tf)  =  «4^J  or  tan.  (^  =  1,  and^  =  270-~a. 

lb  iVau7/AtfOc<ii^0»a/i'rtMi.— Describe  a  square,  Gj  G,  G,  G4  (Fig.  210)  haying 
each  of  its  sides  equal  to  twice  the  arbitrary  unit  chosen 
for  the  equal  parameters  of  the  system.    Let  C  be  the 
centre  of  the  square,  Mj  M,  M3  and  M4  the  centres  of 
its  sides.    Join  Mj  M3  and  M,  M4,  G,  G4,  and  Gj  G,. 

Let  Kj  £,  be  a  line  drawn  from  Mj  to  meet  C  M^ 
produced  in  a  point  atadistanoe  equal  to  n  times  C  M, 
from  C ;  and  let  Ej  be  the  point  where  this  line  cuts  G  G^. 
Take  CE„CE3,  and  CE4,  each  equal  to  CE,.  Join 
E^  Itp  Mj  E3,  Ea  M3,  M,  E3,  &c.  Through  Ej  and  E4 
draw  Dj  D,  and  D4  D3,  parallel  to  Gj  Gj. 

Ml  El  M,  E,  &c.  E«,  is  the  octagonal  base  of  the 
prism  whose  symbol  is  1  »  00 .    To  draw  the  prism, 
draw  Gi  G4  (Fig.  214} ;  make  G|  G4  equal  G^  G4  (Fig.  210),  and  diyide  it  similarly  in 
the  points  B,  M|  and  D4. 

Through  Gi  and  G4  draw  G,  G,,  and  G4  G3  (Fig.  214),  making  an  angle  of  about  30** 
with  Gi  G4.  Take  G4  M4,  G3  Mj,  M4  G,,  and  M,  Gj,  equal  to  half  G4  M4,  G,  M„  M4  G3, 
and  M3  G^  of  Fig.  210.    Through  D4  and  D^  draw  D4  D„  and  D^  D»  parallel  to 

Take  Dj  Ej,  D,  E,,  D4  E4,  and  D4  E3,  equal  to  half  Dj  E^,  Di  E^,  D4  E4,  and  D4  E, 
(Fig.  209).  Join  Mj  E^  E^  Mj,  &c.  Then  M^  Ej  &c.  M4  ij^  (Figs.  214  and  209)  will 
be  a  perspective  representation  of  the  octagonal  base  of  the  prism. 

Through  Mj  draw  Mj  M^  (Fig.  209),  perpendicular  to  M|  E^,  and  of  any  height 
Through  Ej,  M,,  E3,  M„  &c.,  draw  E^  E5,  M,  M.,  Eg  E,,  M,  M„  &c.,  parallel  and  equal 
to  Mj  Mj.  Join  E5  M4,  M4  Eg,  &c.,  and  Fig.  209  will  be  the  representation  of  the 
octagonal  prism  in  isomebrical  perspective. 

Potition  of  the  poles  of  the  Faces  of  the  Octagonal  Prism  on  the  tp7tere  of  projection, — 
The  poles  of  the  faces  of  the  octagonal  prism  always  lie  in  the  same  zone,  and  that 
zone  is  the  equator  of  the  sphere  of  projection ;  e^  c^  &c.,  ^  (Fig.  195)  represent  these 
poles,  each  situated  at  the  same  angular  distance  from  the  points  M^,  Mo,  M3,  and  M4. 
The  angle  0,  given  above,  is  this  angular  distance,  and  is  the  longitude  of  the  pole 
reckoning  from  M^. 

Forms  of  the  Octagonal  Prisnty  parallel  to  which  faces  have  been  observed  in  nature, 
together  teilh  the  longitu/de  of  their  poles  on  the  sphere  of  projection. 

The  form  1  f  od,  00  P  f  Naumann  ;  230  Miller ;  and  g%  Brooke  and  Levy,  whose 

longitude  is  33^  41',  occurs  in  crystals  of  Cassiterite,  Fergusonite,  Rutile,  and  Wul&nite. 

The  form  1  2  00,  «  P  2  Naumann ;  210  Miller ;  and  ^  Brooke  and  Levy,  longitude 
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I  26''  M',  Qooim  in  ApophylUte,  .Gaautente,  Idoerase,  l^boqgeDitey  ButUe,  Sc&rcdiite>  and 

Sommeryillite* 

j  The  form  1  3  oo,  o)  P  ^  Naumtiui';  310  iffxUer ;  axud  ^  Brooke  and  Levy,  longitade 

{  IS""  26'  ocoun  in  Idooiaae,  Butile,  Scapolite,  Towtnite,  and  Wulfimit*. 

j  The  form  1 4  eo,  qo  P  4  Nftomann;  410  Miller ;  and^  Brooke  and  Levy,  longitude 

I  14''  2%  occurs  in  Batile. 

1  The  form  1  7  »,  oo  P  7  Nanmann ;  710  Miller ;  and^'  Brooke  and  Levy,  lon^tude 

I  8^8',  occurs  in  Rntile. 

I  To  describe  a  Net  for  the  Octagonal  Prism. — ^Drav  two  irregular  octagons,  equal  to 

,  Mj  £j  M,  £4  (Fig.  210),  and  eight  rectangular  parallelognuns,  each  equal  to  'M^  E^  £« 

'  ^s  (Fig.  209),  and  arrange  these  ten  figuvea  « in  :Fig.  211,  and  the  net  will  be  oon- 

,  struoted. 


\ 

y 

/ 

) 


iig.2lU 

Semihedral  Form  of  iJie  Octagonal  Prism, — ^The  same  figure  being  constructed  (Fig. 
212)  as  in  Fig  210.  Produce  Mj  £„  M^  Eg,  M,  Eg,  and  M*  E4  to  meet  in  Ng,  N„  Jf^ 
and  N4.   Also'produce  ^^  Mj,  ^^  M,,  1^  M„  and  E3  M4  to  meet  in  Nj,  N^  N„  and  N4. 

Ni  Na  N,  N4  and  Ng  N,  N,  N.  will  be  two  squares,  which  will  bo  the  baacs  of  the 
square  prisms  which  are  the  positive  and  negative  hemihedral  forms  of  the  octagonal 
prismB'With'parallel  faces. 

This  hemihedralTform  has  been  observed  in  crystals  of  Fergusonite  and  ^Wulfenite^ 
derived  from^the  octagonal  prism  whose  symbol  is  1 1  qo  . 

3>oiible  Siglit'faced  Fyzamid. — The  double  eight-faced  pyramid,  or  pyramid 
on  an  octagonal  base,  called  also  the  diietragonai  pyramid,  is  a  solid  bounded  by  sixteen 
facefi,  each  face,  such  as  P,  E/M^  (Fig.  213),  being  a  scalene  triangle.  It  has  eight 
fourrfaced  solid  angles  M^,  E^,  My  &c.,  corresponding  to  the  angular  points  of  the  octa- 
gonal .base  of  the, 'pyramid ;  and  two  eight-faced  solid  angles  Pj  and  P^,  forming  the 
apices  of  the  pyramids. 

It  has  eight*equal  edges,  such  as  V^  Mj,  joining  the  eight-faced  solid  angles  with 
the  four-faced  solid  angles,  through  which  the  axes  pass ;  eight  other  equal  edges,  such 
as  Pi  E^,  joining  the  double  eight-faced  solid  angles  to  the  other  four- faced  solid 
angles ;  and  eight  more  equal  edges,  such  as  Mj  E„  joining  the  two  kinds  of  fouz^ 
faced  solid  ^angles. 

Ames  and^Sifmbols.'-HhB  asM  in  which  the  equal  paiaBMteiB  are  taken  joiii  the 
fouT-faced'solid^angles  M|  M,  and  M,  M4  ^ig.  214),  amd  theaziain  whiditheuiMqiuil 
paiametoorlis  taken  joins  tiie  points  Pj  and  P,. 
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at  a  distance 


Every  face  of  this  pyramid  cuts  one  of  the  axes,  such  as  Mj  M, 
equal  to  the  arbitrary 
unity  the  second  M,  M^ 
at  a  distance  n  times  that 
unit,  n  being  any -whole 
number  or  fraction 
greaterihan  unity,  and 
the  third  axis  C  Pj  at 
a  distance  m  times  that 
t  of  the  unequal  para-  b^. 
meter,  m  being  any 
whole  number  or  frac- 
tion greater  or  less 
than  unity. 

The  symbol  which 
expresses  this  relation 
Hg.218.  of   the    figure  to  the  Fig.  314. 

axes  of  tlie  pyramidal  system,  is  Imn  ;  Naunuaufs  symbol  is  mVn;  MiUei^s  hkl;  and 

BrodEe  and  Levy's  ^  li  ^i* 

To  draw  the  Double  "Eight-faced  Pyramid,— The  same  constructioa  being  made  for  the 
base  of  the  pyramid  (Fig,  210),  as  for  the  base  of  the  octagonal  prism  whose  symbol  is 
00  F  n,  this  base  is  to  be  drawn  in  perspective  (Fig.  214),  in  the  manner  in  which  the 
base  of  the  octagonal  prism  was  directed  to  be  drawn.  Through  C  draw  Pj  C  Pj  per- 
pendktnkir  to  M,  M^,  take  C  Pj  and  C  P,  equal  to  m  times  the  unequal  parameter. 

Join  Pi  Mj,  Pi  Ej,  Pi  £»  P,  M^  &c.,  P,  My  P,  Ej,  &c.,  and  the  pyramid  wiU  be 
constructed. 

To  describe  a  Net  for  the  Double  Eight-faced  Pyramd.—'DrKw  C  N  (Fig.  215),  equal 
toC  N  (Fig.  211),  and  CP  perpendicular  to  G  N.  Make  CP  equal  to  m  times  the  unequal 
parameter,  the  length  of  this  parameter  being  determined  by  tiie  method  given  in  page 
361,  Fig.  186.    JoinPN. 

P 


Hg.  217. 


Then  Fig.  216.— Draw  NiN,  equal  Nj  N,  (Fig.  212),  and  take  in  it  the  points  Ei 
and  My  at  tlie  same  distanoee  from  Ni  and  K,  they  are  in  Fig.  212. 

On  Kj  N,  describe  an  isosceles  triangle,  P  N,  N»  having  its  sides,  PN,  and^PN^ 
equal  to  PN  (Fig.  216).    Join  P  Ej  and  P  M^ 

P  £i  M,  will  be  the  scalene  triangle  which  will  be  a  &ce  of  the  double~eight-&ced 
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pyramid,  and  sixteen  such  triangles,  arranged  as  in  Fig.  217,  will  form  the  required 
net. 

Inclination  of  the  Facet  of  the  Double  EighUfaced  Pyramid,— l^i  a  be  Hie  angnkr 
element  for  the  substance  among  whose  crystals  faces  of  this' pyramid  occur,  givm  m 
page  360.  B  the  inclination  of  adjacent  faces,  measured  over  the  edges  P^  E„  P^  £^  fa. 
(Figs.  212  and  213) ;  ^  oyer  the  edges  £^  M^,  £^  M,,  &c. ;  and  ^  oyer  the  edges  P^  M^, 
Pj  M^  &c. 

Then  if  jB  be  such  an  angle  that  cot.  iS  ^  n, 

cot  %  =_  cot  a  cos.  jB      cos.  -  =  sin.  *  cos.  (45**  +  fi)    cos.  I  =:  sin.  6  sin.  i. 
2m  2  2^^^  2  X 

Position  of  the  Poles  of  the  Faces  of  the  Double  Eight-faced  Pyramid  on  the  sphere  if 

projection.— The  poles  of  the  faces  T^  T,,  &c.,  T,  (Fig.  213),  are  represented  on  the  mip  . 

of  the  sphere  of  projection  (Fig.  195),  by  Tj  Tj,  &c.,  T..    All  the  poles  of  the  upper  I 

faces  of  the  pyramid  occur  in  the  same  circle  of  latitude  in  the  northern  hemisphere  of  i 

the  sphere  of  projection,  reckoning  the  latitude  from  Pj,  and  those  of  the  lower  &N3 

of  the  pyramid  in  the  same  circle  of  south  latitude,  reckoning  from  Pg. 

The  angle  ^  in  the  preceding  article  wiU  be  the  angle  of  latitude  for  the  £Eumof 

the  pyramid ;  and  fi  will  be  the  longitude  of  T^,  reckoning  the  longitude  frt>m  P^Mi  as 
the  first  meridian  of  longitude. 

The  longitude  of  T,  will  be  90*  —  0,  of  T,  90''  +  /8,  of  T*  180*'  —  jB,  east  of  M^, 
while  the  longitude  of  T„  T„  T„  and  T,  will  be  the  same  angles  west  of  Mj. 

Crystals  whose  Faces  occur  parallel  to  the  Double  Bight-faced  Pyramid^  together  with  tksir 
Latitude  and  longitude  on  the  sphere  of  jmfection.  \ 

The  form  1,  5,  ^j  ^PS  Naumann;  5,  1,  19  Miller;  and  *»  ii  ^  A  Brooke  and  j 
Levy. 

Anatase,      Lat  25°  SO*.    Lon.  11°  18. 

The  form  1,  3,  ^ ;  J  P  3  Naumann ;  3,  1, 6  Miller ;  and  b^  *i  gi  Brooke  and  Lery.  i 
Towanite,    Lat.  2r  27'.    Lon.  18°  26'.  ' 

The  form  1,  2, 1 ;  P2Naumann;  2,l,2Miller;  and  6»  At  ^*  Brooke  and  Lery.       I 
ScheeUte,     Lat  SS"*  66'.    Lon.  26'' 34'.  ' 

The  form  1,  3, 1 ;  P3  Naumann ;  3, 1,  3  Miller ;  and  b^  b^g^  Brooke  and  Levy. 

Cassiterite,  Lat  36°  20*.    Lon.  18'  26'.  | 

Rutile  Lat  34°  11'.    Lon.  18°  26'.  \ 

SarcoUte,      Lat  43°    6'    Lon.  18°  26".  i 

The  form  1,  3,  f ;  f  P  8  Naumann;  3,  1,  2  Miller;  *»  A*  g^  Brooke  and  Levy. 

Idocrase,      Lat  40**  41'.    Lon.  18°  26'.  ^ 

The  form  1,  2,  2  ;  2  P  2  Naumann;  2,  1, 1  Miller;  6>  A*/  Brooke  and  Ldtt.        • 

Idocrase,      Lat  60°  7'.      Lon.  26*  34'.  i 

Phosgenite,  Lat  67°  36'.    Lon.  26°  34'.  | 

The  form  I,  f,  3  ;  3  P  f  Naumann ;  3,  2,  1  Miller ;  b^  b^  g^  Brooke  and  Levy. 

Cassiterite,  Lat  67°  35'.    Lon.  33°  41'. 

Ferguflonite,  Lat.  79°  17'.  Lon.  83°  41'. 

Butile,         Lat.  66°  42'.    Lon.  33°  41'. 
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Idocrase, 

Lat.  69'  26'. 

Lon.  18'  26'. 

SarcoUte, 

Lat.  70'  23'. 

Lon.  18'  26'. 

Scapolite, 

Lat.  64°  18'. 

Lon.  18'  26'. 

Scheelite, 

Lat.  IT  68'. 

Lon.  18'  26'. 

ZircoD, 

Lat.  63°  62'. 

Lon.  18'  26'. 

The  form  1,  3,  3 ;  3  P  3  Naumann ;  3, 1,  1  Miller ;  b^  h^  g\  Brooke  and  Levy. 
Braunite,  Lat  77*  13'.  Lon.  18'  26'. 
Idocrase, 
Sarcolite, 
Scapolite, 
Scheelite, 
Zircon, 

The  form  1,  2,  4 ;  4  P  2  Nanmann ;  4,  2,  1  Miller ;  h^  b^  g^  Brooke  and  Levy. 
Idocrase,       Lat.  %T  20'.    Lon.  26'  34'. 

The  form  1,  4,  4 ;  4  P  4  Naumann ;  4,  1,  1  Miller ;  b^  b"^  g^  Brooke  and  Levy. 
Idocrase,       Lat.  65'  37'.    Lon.  14'  2'. 
Zircon,  Lat.  69'  23'.     Lon.  14'  2'. 

The  form  1,  6,  6 ;  6  P  6  Nanmann ;  6,  1,  1  Miller ;  h^  b^  g^  Brooke  and  Leyy. 
Idocrase,       Lat.  69'  62:.    Lon.  11'  18'. 
Towanite,     Lat.  78'  44'.    Lon.  11'  18'. 
Zircon,  Lat.  73'    0'.    Lon.  11'  18'. 

Benlliediml  Double  Fofwr-liEieed  Pynmid.-If  we  represent  the  eight  upper 
faces  of  the  double  eight-faced  pyramid  (Fig.  213)  by  the  symbols  Tj,  Tjj,  Tj,  T4,  T«,  T,, 


Fiff.  219. 

T7  and  Tg,  and  the  corresponding  lower  faces  by  Tj,  T^  T^  T^,  T.,  Tg,  T,,  and  T,. 
Then  if  the  eight  faces  T,,  T^,  T3,  T*,,  Tg,  T*,,  T,,  and  T'7,  be  produced  till  they  meet, 
the  resulting  form  will  be  the  double four-faeed pyramid  Pj  N5  N^  P,,  &c.  (Fig.  219).  If 
the  other  eight  faces  of  the  double  eight-faeed  pyramid^  T„  T^  T4,  T*,  Tg,  Tg,  Tg,  and  T^ 
be  produced  to  meet,  they  will  form  the  double  four-faced  pyramid,  P^  Nj  Nj  P,,  &c. 
(Fig.  218.) 

These  pyramids  are  equal  to  each  other  in  eyery  respect,  and  differ  only  in 
their  situation  with  regard  to  the  axes  of  the  pyramidal  system.  They  arc  the  .po»- 
Uve  and  negaiive  hemihedral forme  mth  parallel  faeee  of  the  double  eight-faced  pyramid. 

The  axis  in  which  the  unequal  parameters  are  taken  join  the  apices  P,  and  Pj  in 
both  pyramids.    The  position  in  which  the  other  two  axes  cut  the  bases  of  these  pyra- 
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mids  will  be  seen  by  referring  to  Fig.  212,  where  the  lines  Nj  N„  Nj  N,,  N3  N4,  and 
N4  Nj,  foniuBg  the  squaxe  T^j  N,  N3  N4,  formed  by  producing  the  edges  £1  M^  E^  M^ 
£3  M4,  and  £4  M^  of  tiie  base  of  the  doubk  eight-&ced  pyramid,  is  the  base  of  the  p3rra- 
mid  Fig.  218 ;  and  the  square  K5  N,  'N^  Ng  formed  by  the  other  edges  of  the  base  of 
the  double  eight-£eu!ed  pyramid,  is  the  base  of  the  pyramid  Fig.  219. 

M^  M3  and  M,  "M^  wiU  be  the  axes  in  both  pyramids. 

To  draw  the  Hemihedral  DoubU  Four-^aeed  Pyramida.-^Jhvfr  the  double  eight-fkoed  I 
pyramid  as  described  for  the  eonstruction  of  Fig.  214.  Produce  E^  M,,  Ej  M,,  E,  M4,  , 
and  £4  Ml  (Fig.  218),  to  meet  in  the  points  Ni  N,  N3  and  K4.  Join  P^  Nj,  Pj  N,  &c.,  ' 
Pj  Ni,  P2  N2,  &c.,  and  Fig.;218  will  be  constructed. 

Produce  M^  F^,  M,  £2,  M3  £3  and  M4  £4  to  meet  in  N^  N^  N7  and  Ng,  and  join  these  j 
points  with  Pj  and  P,,  and  Fig.  219  will  be  constructed. 

To  Construct  a  Net  for  the  SemUiedrdl  Double  Four-faced  Pi/ramd.—ThB  isosceles   ! 
triangle  P  N^  N,  (Fig.  216)  is  a  face  of  the  double  four-faced  pyramid  derived  from 
the  double  eiight-faced  pyramid  whose  £ice  is  P  £1  M^ ;  and  eight  of  these  triangles,   ) 
arranged  as  in  Fig.  194,  will  form  the  requited  net.  | 

Faces  Parallel  to  the  SemiAedral  Double  Four-faced  Pyramid  which  occur  in  Nature.       I 
In  Scheelite  fi^)m  the'pyiamids  I,  2, 1,  and  1, 2, 8.    SaicoUte  &om  the  pyramid  1, 3, 1, 
and  Fergusonite  from  the  pyramid  1,  |,  3. 

Tetartohettnl  Foim,— From  each  of  the  honuhedral  double  four-£aced  pyra- 
mids, two  sphenoids  may  be  derived  by  the  development  of  half  their  £eu:es,  just  as 
sphenoids  are  derived  fh>m  the  other  double  four-faced  pyramids  of  the  pyramidal 
system.  These  sphenoids  would  consequently  bo  formed  by  the  development  of  a 
fourth  of  the  faces  of  the  double  cight^faced  pyramids,,  and  arc  therefore  called  tetar- 
tohedral  forms  of  that  solid.  It  is  doubtful  whether  any  of  these  forms  have  been 
observed  in  nature. 

Pyramidal  TzapeBohedzon.  —  The  pyfamidal  trapezohedron,  also  called 
the  tetragonal  trapesohedron,  is  a  solid  (Fig.  220), 
bounded  by  eight  faces,  each  of  which  is  an  irr^rular 
trapezium,  such  as  Pi  Li  Si  L,  (Fig.  220),  or  P  Li  S  L, 
(Fig.  216).  It  has  two  four-faced  solid  angles.  Pi  and  P,, 
and  eight  more  four-fiEiced  solid  angles  equal  to  one 
another  Lj  L2  L3  L4,  and  Sj,  Sj,  S3,  S4.  tt  has  eight 
edges  equal  to  P  Li  (Fig.  216)  four  equal  to  Li  Sj,  and 
four  equal  to  Lg  Sj. 

The  pyramidal  trapezohedron  is  a  hemihedral  form, 
with  indined  faces  of  the  double  eight-faced  pyramid, 
and  is  formed  by  producing  the  eight  fSaces  Tj,  T',,  T,, 
1*4,  T^  T'c,  Tf  and  T„  to  meet  one  another.  A  similw 
and  equal  trapezohedron  would  bo  formed  by  prodnoiiig 
the  faces  Tj,  T»  T^  T4,  Tj,  Is,  T,,  and  Tg  to  meet 

This  trapezohedron  may  also  be  regarded  as  formed  by 

the  combination  of  the  upper  half  of  a  positive  hemihe- 

Pig,  220.  ^^  fouF'^&oed  pyramid,  with  the  lower  half  of  its  oor- 

responding  negative  henuhedral  four-finoed  pyramid. 

To  DravD  the  Fyramdal  Trtg^ezohedron. — ^Draw  the  base  of  Ihe  double  eight-fiioed 

pyramid  Hi  £1,  M,  £„  &c.  (Fig.  214),  and  its  aads  Pi  P,  (Fig.  221).    Produce  Mj  ^ 
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]M,  Ea,  &c,  to  meet  in  N,  N,  N7  and  Ng,  as  in  Fig.  212 ;  and  Ej  M,,  Mj,  E,,  &c-,  to 
meetinKjITaNal^*. 

Join  Ni,  Nft  N3  and  N^  with  Pj  ond  N5,  Nc,  N, 
and  Ng  ^th  Pj. 

Then  (Fig.  212)  join  C  Np  cutting  Mj  Ei  in  K. 

In  Fig.  215,  take  C  K  oqual  to  C  K  (Fig.  212), 
and  through  K  draw  £  L  perpendicular  to  C  N, 
meeting  P  K  in  L. 

In  Fig.  221,  take  C  H,  and  C  Eg  in  Pi  V^  equal 
to  K  L  (Fig.  215). 

Through  H,  draw  Lj  L3  parallel  to  Nj  N3,  meet- 
ing P,  Nj  and  Pj  N3  in  Lj  and  L,,  and  L,  L^  parallel 
to  Nj  N4,  meeting  Pi  N,,  and  Pi  N4,  in  Lj  and  L4. 

Through  Hj  draw  Sj  S3  parallel  to  N«  Ng,  and 
S,  84  parallel  to  N,  N5. 

'  Join  Li  Si  L2,  Lj  S.  L3,  &c.,  aa  in  Fig.  220,  and 
the  trapezohedron  will  be  constructed. 

To  Describe  a  Net  for  the  Pijramidal  Trapesohedrotu-^Jn  Fig.  216,  take  P  Lj  and 

and  P  L3  in  P  Ni  and  P  Nj,  equal  to 
P  L,  Fig.  215. 

Join  Li  El  and  L,  Mj,  and  produce 
these  lines  to  meet  in  S. 

P  Li  S  L2  will  be  a  face  of  the 
trapezohedron ;  and  eight  such  faces, 
arranged  as  in  Fig.  222,  will  form  the 
Fig.  222.  required  net 

Faces  paraUel  to  the  Pyramidal  Trapezohedron  which  occur  in  Nature.—TtLcea  parallel 
to  the  pyramidal  trapezohedron  have  only  been  observed  in  crystals  of  Scapolito, 
derived  from  the  double  eight-faced  pyramid  whose  symbol  is  133. 

Pyiamldal  Scalenohed3ron.~The  pyramidal  scalenohedron,  also  called  the 
ietrayonal  sealenohedronj  and  by  some  the  diplo- 
telrahednm,  is  a  solid  bounded  by  eight   faces, 
each  of  which,  such  as  Pi  Ki  K3  (Fig.  223),  is  a 
scalene  triaD(|^. 

This  is  a  Jiemihedrdl  formy  with  inclined  faces, 
of  the  doulde-eight-&ced  pyramid,  and  is  derived 
from  it  by  producing  the  faces  Tg,  Ti,  T^  T'3, 
T4,  T.,  T,  and  T*,  (Fig.  213),  to  meet  one  another. 
Another  scalenohedron,  equal  in  aU  sespects  to 
£bis  one,  but  differing  in  positioi^  will  be  formed 
by  producing  r,,  T'l,  T^,  T3,  T^,  T,,  T^  and  T,. 
One  of  these  may  bo  .called  tho  positive  and  the 
other  the  negative  scalenohedron. 

This  form  has  two  four-faced  solid  angles 
Pi  and  P^  equal  to  each  other ;  and  four  othezSi 
Jl^i  K^S^  and  E4,  equal  to  each  other. 

To  draw  the  Pyramidal  SeaUnohedron, — Draw  the  base  of  the  double  eight<£aoed 
pyramid  Mj  E,  M,,  &c.  (Fig.  224),  as  described  for  Fig.  214,  as  weU  afl  its  axis  Pj  P^ 
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FiR.  224. 


Join  P  Mj  and 


Produce  Mj  E^  and  Mj  E^  to  meet  in  R^,  M^  E4  and  M,  E,  to  meet  in  R^,  aJao  M^  E^ 

M4  E4  to  meet  in'R,,  and  M,  E,  and 
M4  E3  to  meet  in  R^. 

Join  P,  Ml  and  produce  it  to  meet 
P2  R,  in  K,,  P,  M,  to  meet  Pj  E^  in 
^i>  ^1  M,  to  meet  P,  R4  in  K4,  and 
Pj  M4  to  meet  Pj  R,  in  Ky 

Join  Ki  K4,  K4  K^  K,  K3,  and 
Kj  Ki,  as  in  Fig.  223,  and  the  sca- 
lenohedron  will  be  constracted. 

To  describe  a  Net  for  the  Pyra. 
midal  Sealenohedron. — Draw  a  line 
CPi  (Fig.  225),  peipendicnlar  to 
the  line  C  R,.  Take  C  Pj  equal  to 
C  P  (Fig.  215),  and  C  Mi  equal  C  Mj 
(Fig.  212).  Make  C  R,  equal  m, 
times  C  Ml ;  I  mn  being  the  symbol  of  the  double  eight-£iced  pyramid,  from  which 
the  sealenohedron  is  to  be  derived. 

In  C  Pi  take  C  M,  equal  C  M,. 
M,R,. 

InMjRstakeMtK, 
equalM3Ei(Fig.2I2). 
Join  Ml  K|. 

Produce  Pi  C  to  Pj, 
and  make  C  P,  equal  to 
C  Pi.  Join  P2  Rj,  and 
produce  Pj  Mi  to  meet 
Pj  R,  in  K^. 

Then  Fig.  226.— 
Draw  the  line  M,  R3 
equal  to  M,  R,  (Fig. 
225),  and  on  this  as  a 
base  describe  the  tri- 
angle Mj'P  Rs,  haying  its  side  M^P  equal  M^  Pj  (Fig.  225),  and  its  side  P  R,  equal  to 

R,P2(Fig.225). 

In  M,  R3  tako  M,  E  equal  Mj  K,  (Fig. 
225),  and  in  R,P,  R3E3  equal  to  1^  E,  (Fig. 
225). 

Join  E3  E,  and  produce  it  to  meet  P  Mj 
produced  in  Ej.  P  Ej  E3  will  be  a  fiice  of 
the  required  sealenohedron ;  and  eight  such 
faces,  arranged  as  in  Fig.  227,  will  form  the 
net  for  the  sealenohedron. 
Fig.  227. 

Facet  paraUel  to  the  I)^amidal  Sealenohedron  tchieh  occur  m  Katttre, 
Faces  parallel  to  this  form  have  only  been  observed  in  crystals  of  Towanite  or 
pyramidal  copper  pyrites,  derived  from  the  two  double  eight-faced  pyramids  whose 
symbols  are  I,  8,  ^,  and  1,  5,  5. 


Fig.  225, 


Fig.  226. 
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Fig.  289. 


Tig.  240. 
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Principal  ootnbinationa  of  the  Pyramidal  Sy»imn, — ^A  diligent  study  of  the  figures  of 
these  combinations,  as  abeady  given,  will  enable  us  to  read  most,  if  not  all,  of  the  more 
complex  combinations  of  this  system.  It  is  impossible,  consistently  with  the  Umited 
space  of  an  elementary  work,  to  giye  all  these  combinations ;  but  we  hope  those  we 
haye  given  will  be  quite  sufficient  for  the  purposes  of  the  student. 

Fig.  228.  The  double  tighUfacoi  pyramid,  a  a  a,  &c.,  whose  symbol  is  1  n  m,  with 
the  alternate  four-faced  angles  at  its  base  replaced  by  &ces  b  d,  &o.,  of  the  four-faced 
pyramid  whose  symbol  is  11  m'. 

Fig.  229.  The  dotthh  eight-'faeed  pyramid^  aaOy  &o.,  whose  symbol  is  1 »  m,  with 
the  edges  of  its  base  replaced  by  faces  b  b,  &c.,  of  the  oetay<mal  prism  whose  symbol  is 

1,«,    00. 

Fig.  230.  The  doubie  eight-faced  pyramid,  a  a  a,  &c.,  whose  symbol  is  1  n  m,  with 
the  alternate  four-faced  solid  angles  of  its  base  replaced  by  two  faces,  b  b,  &c,  of  the 
octagonal  prism  whose  symbol  is  1,  »',  oo. 

Fig.  231.  The  double  eight-faced  pyranid,  aaa,  &c.,whose  symbol  is  1 »  m,  with  the 
alternate  four-faced  solid  angles  of  its  base  replaced  by  faces  b  b,  &c.,  of  the  square 
prism  whose  symbol  is  1 1 ». 

Fig.  232.  The  double  eight-faeed  pyramid^  a  a  a,  &c,  with  its  eight-£Eu:ed  sdid 
angles  replaced  by  planes  P  P  of  the  basal  pinacoid  whose  symbol  is  oo  oo  1. 

Fig.  233.  The  double  four-faced  pyramid,  a  a  a,  &c.,  whose  symbol  is  111,  with  the 
edges  at  its  base  replaced  by  faces  b  b,  &c.,  of  the  double  four-faced  pyramid  whose 
symbol  is  1 1  m. 

Fig.  234.  The  double  four-faced  pyramid,  a  a  a,  &c.,  whose  symbol  is  1 11,  with  its 
edges  replaced  by  faces  b  b,  ftc,  of  the  double  four-faced  pyramid  I  oo  I. 

Fig.  235.  The  double  four-faced  pyramid,  a  a  a,  &c.,  whose  symbol  is  1  1 1,  with 
the  four-faced  angles  at  its  base  replaced  by  two  planes  of  the  octagonal  prism  1  m  oo. 

Fig.  236.  The  double  four-faced  pyramid,  a  a  a,  &c,,  whose  symbol  is  1  1  1,  with 
the  edges  at  its  base  replaced  by  faces  b  b,  Ac,  of  the  square  prism  1 1  oo. 

Fig.  237.  The  double  four-faced  pyramid,  a  a  a,  Ac.,  whose  symbol  is  1  1  1,  with 
the  four-faced  angles  at  its  base  replaced  by  faces  b  b,  &c.,  of  the  square  prism  1  oo  o». 

Fig.  238.  The  square  prism,  a  a  a,  ftc,  whose  symbol  is  1  oo  oo,  inclosed  by  fiioes 
b  b,  &c.,  of  the  double  four-faced  pyramid  111. 

Fig.  239.  The  square  prism,  bbb,  &c.,  whose  symbol  is  1  I  oo,  with  its  edges 
replaced  by  planes  a  a,  &c.,  of  the  octagonal  prism  1 »  oo,  and  inclosed  by  the  pUnes 
P,  P  of  the  basal  pinacoid. 

Fig.  240.  The  square  prism,  bbb,  &c.,  whose  symbol  is  11  oo,  with  its  edges 
replaced  by  planes  a  a,  &o.,  of  the  square  prism  1  os  oo,  and  enclosed  by  planes  P,  P  of 
the  basal  pinacoid. 

Fig.  241.  The  positive  sphenoid,  a  a,  &c.,  derived  from  the  double  foui^faced 
pyramid  1  1  1,  with  its  three-faced  solid  angles  replaced  by  planes  bb,&,c,  of  the 
negative  sphenoid  derived  from  the  same  pyramid. 

Fig.  242.  Thjd  positive  sphenoid,  a  a,  &c.,  with  its  three-&ced  solid  angles  replaced 
by  faces  b  b,  &c.,  of  the  square  prism  1 1  oo. 

Fig.  243.  The  positive  sphenoid,  a  a,  &c.,  with  four  of  its  edges  replaced  by  (mocb 
b  b,  &o.,  of  the  equare  prism  1  oo  oo. 

Fig.  244.  The  double  four-faced  pyramid,  a  a,  &c.,  whose  symbol  is  1  oo  1,  with 
four  of  its  edges  replaced  by  faces  b  b,  &c.,  of  the  sphenoid  derived  from  the  double  four- 
faced  pyramid  11m. 
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llg.241. 


Fig.  242. 


Fi8L213. 


FIff.244. 


Pig.  245. 


Fig.  24(J. 


Pig.  247. 


Fig.  243. 
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Fig.  245.  The  double  four-faeed  pyramid^  a  a,  &c.,  whose  symbol  is  1  qd  1,  witii  the 
solid  angles  at  its  apices  replaced  by  faces  h  h^  &c.,  of  the  scaUnokedron,  deriyed  from 
the  doubU  eight-faced pyrantid  Inm. 

Fig.  246.  The  double  four-faced  pyramidj  a  a,  &c.,  whose  symbol  is  1  oo  1,  the 
solid  angles  at  its  apices  replaced  by  faces  b  b,  &c.,  of  the  sphenoid  deriTed  firom  the 
double  four-faced  pfframid  1 1  m. 

Fig.  247.  A  complex  holohedral  combination  of  seyeral  forms  of  the  pyramidal 
system  in  a  crystal  of  Idocrase  or  pyramidal  Garnet  described  by  Mohs. 

P,  planes  of  the  btual  pinaeoid  oo  oo  1. 

Square  primntf  M  of  the  prism  1  oo  oo,  ^  of  the  prism  1 1  oo. 

Octagonal prietruy  f  of  the  prism  1,  2,  oo  —  A  of  the  prism  1,  3,  oo. 

Double  four-faced  pyramtdSf  o  of  the  pyramid  1  oo  I  —  «  of  the  pyramid  1, 1, 1  —  b 
of  the  pyramid  1, 2, 1  —  r  of  the  pyramid  1, 4, 1. 

Double  eight-faced  pyramide^  t  of  tiie  pyramid  1,  2,  2  —  «  of  the  pyramid  1, 3, 3  — 
X  of  the  pyramid  1,  4,  4  —  s  of  the  pyramid  I,  2,  4  -^  a  of  the  pyramid  1,  3,  f . 

Fig.  248.  A  complex  hemihedral  combination  of  forms  of  the  pyramidal  system  in 
a  crystal  of  Towanite  or  Pyramidal  Copper  Pyrites,  described  by  Naumann,  to  whose 
works  we  take  this  opportunity  of  expressing  our  great  obligation. 

Py  faces  of  the  positive  sphenoid  derived  from  the  four-faced  pyramid  111. 

j/,  faces  of  the  negative  sphenoid  derived  from  the  same  pyramid. 

ky  faces  of  the  sealenohedron  derived  from  the  double  eight-faced  pyramid  15  6. 

Cy  fajc&A  of  i^e  four-faced  pyramid  1,  oo,  2,  and  m  those  of  the  square  prism  1 1  oo. 

THISD  SYSTEM— BHOMBOHBDllAL. 

This  system  is  called  the  rhombohedral  when  its  forms  are  derived  from  the  rhomboid ; 
the  hexagonal  when  derived  from  the  regular  hexagonal  prism,  or  the  douHe  pyramid  on  a 
hexagonal  base.  It  has  also  been  called  the  monotrimetrieal  and  three-and-one  axial,  from 
the  properties  of  its  axes. 

The  holohedral  forms  of  this  system  are,  two  kinds  of  right  prisms  on  a  regular 
hexagonal  base ;  two  orders  of  double  six-faetd  pyramids  on  regular  hexagonal  bases ;  the 
double  twelve-faced  pyramid ;  and  the  right  prism  on  a  ttcelve-sided  base. 

From  each  of  these,  by  producing  half  their  faces  to  meet  one  another,  henUhedrai 
forms  are  derived. 

The  hemihedral  forms,  with  inclined  faeesj  are  the  triangular  prism,  derived  from  the 
hexagonal  prism ;  the  double  three-faced  pyramid,  derived  from  the  double  six-faced 
pyramid ;  the  double  six-faced  trapezohedron,  derived  from  the  double  twelve-&oed 
pyramid. 

The  hemihedral  forms,  with  parallel  faces,  are  the  hexagonal  prism,  derived  from  the 
twelve-faced  prism;  the  double  six-faced  pyramid,  from  the  double  twelve-&oed' 
pyramid ;  the  rhomboid,  from  the  double  six-faced  pyramid;  and  the  hexagonal  sealeno- 
hedron, derived  from  the  double  twelve-faced  pyramid. 

The  tetartohedral  forms  are  the  triangular  prism  from  the  twelve-faced  prism ;  tho 
rhomboid,  double  three-faced  pyramid,  and  double  three-faced  trapetohedron,-^^  derived 
from  the  double  twelve-faced  pyramid. 

Some  of  these  forms  are  eitiier  so  rare  or  so  doubtful,  that  we  shall  confine  our 
descriptions  to  the  different  kinds  of  prisms,  the  double  six-faced  pyramids,  the  rhom- 
boid, and  the  sealenohedron. 
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Alphabetical  Liat  ofMinerah  hehnging  to  the  Rhomhohedrdl  System,  together  toith  the 
jisiffular  Elements  from  which  their  Typicai  Form  and  Axes  may  he  derived. 


Alnnite  (Alum  Stone) 

Ankerite 

Antimony 

Apatite  (Phosphate  of  Lime) 

Arsenic 

Biotite  (Mica) 

Bismuth 

Breiibanptite  (Nickel  Antimonial) 

Brennnerite 

Bmcite 

Calamine 

Galcite  (Carbonate  of  Lime) 

Ghabade 

Ghaljbite  (Carboniferous  Oxide  of  Lron) 

Chlorite 

Glintonite 

Cinnabar  (Sulphuret  of  Mercury) 

Connellite  (Sulphate  Chloride  of  Copper) 

Coquimbite 

Corundum 

Corelline 

Cronstedtite        [. 

DaTyne 

Diallogite  (Carbonate  of  Manganese) 

Dioptase 

Dolomite  (Bitter  Spar)    . 

Emerald 

Eudialyte 

Fluocerite  (Neutral  Fluate  of  Cerium) 

Gmelenite 

Graphite 

Greenockite  (Sulphuret  of  Cadmium) 

Hematite  (Specular  Lron) 

HydraigUlite 

Ice  ...  . 

Ilmenite 

Kupfemickel  (Copper  Nickel) 

liovyne 

Magnesite  (Carbonate  of  Magnesia) 

Mesitine 

MiUerite  (Natiye  Nickel) 

Mimetite  (Arsenii^  of  Lead) 

Molybdenite  (Sulphuret  of  Molybdena) 

Kepheline    .        . 


5T  45'. 
48**  64'. 
66*  28'. 
^b""  4(y. 
bV  51'. 
W  OC. 
66°  24'. 
b^"  47'. 
43°  8'. 
Unknown. 
42"  67'. 
44°  37'. 
60*  45'. 
43*'  23'. 
66'    2'. 
Unknown. 
69°  17'. 
Unknown. 
43'  60'. 
67°  34'. 
Unknown. 
Unknown. 
69°  16'. 
43°  29'. 
60'  39'. 
43°  62'. 
44°  66'. 
67*'  42'. 
Unknown. 
Doubtful. 
Unknown. 
68°  47.' 
67°  30'. 
Unknown. 
Unknown. 
67'  30'. 
68°  36'. 
43°  69', 
43°  4', 
43°  14'. 
20°  60'. 
66°  19'. 
Unknown. 
69'  10'. 


INORQANIC  NATURE.— No.  Xlli. 
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Nitratine  (Nitrate  of  Soda) 

43-  40'. 

Osmiridium          ..... 

58*  27'. 

Parasite                ..... 

8l»  20-. 

Phenakite 

37»  ly. 

Plattnerite            ..... 

Unknown. 

Polybasite 

70*  31'. 

Proustite  (Red  Silver)     .... 

42-  51'. 

Pyrargj'rito  (Sulphuret  of  Silver  and  Antimony) 

ir  18'. 

Pyromoipbite  (Phosphate  of  Lead) 

dS"*  49r. 

Pyrosmalite          ..... 

46'  42'. 

Pyrrhotino  (Magnetic  Iron  Pyrites) 

60*  7'. 

Quartz      ...... 

6V  47'. 

Ripidolite             ..... 

66*  7r, 

Riolite      ...... 

Spartalite             ..... 

37'  SO*, 

Stilpnomelane      ..... 

Susannite             ..... 

68'  sa'. 

Tamarite  (Arseniate  of  Copper) 

7r  16'. 

Telluriiun            ..... 

o7'  36'. 

Tellurwismuth     ..... 

Unknown. 

Tetradymite         ..... 

74'  44'. 

'                  Tourmaline          ..... 

27'»  20'. 

Vanadinito  (Vanadiate  of  Lead) 

Uiiknpwn,             1 

Willemite             ..... 

30»  7'. 

Xanthocono          ..... 

6^*  30'. 

Bezagonal  Piisms  of  the  Fint  and  Second  Ovdev. 

system,  the  two  square  prisms  differ  only  in  size  and  positiony 


, — ^As  in  the  pyramidal 
so  in.  the  xhomboidal 


system  the  hexagonal  prisms  differ  from  one  another  in  the  pame  losamw.    The  hexa- 
gonal; prian  is  a  right  prism  standing  on  a  ha9e  which  is  a  regular  hexagon ;  it  is 
hounded  therefore  hy  eight  faces,  six  of  which— such  as  B,  B«  Bj,  B,  (Fig.  249),  and  ! 
Ai  A«  Ajj.A,  (Fig.  260)— are  rectangular  paralldograma  ibrming  the  aides  of  the  | 
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pziam ;  tho  other  two  faces,  forming  tho  top  and  bottom  of  the  priam,  are  regular 
hexagons. 

B7  many  writers  the  sides  only  of  the  hexagonal  prism  are  considered  as  the  &ce8 
of  the  hexagonal  prion;  the  form  being  considered  an  open  one.  The  two  hexagonal 
faces  which  inclose  it  are  then  called  basal  pinaeoids. 

AsLes  of  thm  BeaLagonal  Pxiam,  and  of  the  Mftomboidal  SysUn^— 
Let  Pj  and  Pj  be  the  centres  of  the  hexagonal  faces  of  the  two  hexagoiud  piisms 
(Figs.  249  and  260). 

Join  Pj  Pj.    Bisect  Pj  Pj  in  C. 

Let  Ml,  M^  &c.,  M„  be  tho  centres  of  the  edges  B,  B;,  Bo  Bg,  &c.,  Bg  Bjj,  of  the 
hexagonal  prism  of  the  first  order  (Fig.  249). 

Join  Ml  Mj,  Ma  M„  &c.,  M,  M^. 

Bisect  Mg  Ml,  M^  M„  Mj  M3,  &c.,  by  Gi,  G,,  G,,  &c. 

Join  Gj  G4,  G2  G5,  and  G3  G«,  cutting  one  another  in  C. 

Let  Gj,  G2,  &o.,  Gg,  bo  the  centres  of  the  edges  of  tho  hexagonal  prism  of  the  second 
order  (Fig.  250). 

Join  Gi  G4,  G,  G5,  and  G3  Gg,  cutting  one  another  in  C.  * 

Then  in  the  case  of  both  prisms,  Pj  Pg,  Gi  G^,  G3  Gg,  and  Gj  Gg  will  bo  the  axes  of 
the  prisms,  and  of  the  rltomboidal  system. 

It  follows,  therefore,  that  in  this  system  there  are  four  axes,  three  of  which  lie 
in  the  some  plane,  and  are  inclined  to  each  other  at  an  angle  of  60° ;  and  the  third 
passes  through  their  intersection,  and  is  perpendicular  to  their  plane.  C  Gj  C  G,  C  G„ 
are  the  three  equal  parameters  of  this  system^  and  a  fourth  unequal  parameter  is 
taken  in  the  axis  C  Pi.  The  forms  of  the  rhomboidal  system  are  derived  from  these 
axes  by  most  of  the  continental  crystallographers ;  but  Professor  Miller  re£srs  them 
to  threo  equal  axes  derived  from  a  particular  rhomboid  for  each  substance,  in  the 
following  manner. 

Let  Pi  Ki  Kjj,  &c,  Pj,  (Fig.  251),  be  a  particular 
rhomboid  (•'.  «.,  a  figure  bounded  by  six  equal  ^--<?fe>^ 

rhombs),  chosec,  for  each  substance  which  crystal-        _.   ^^'^-'"'"''^'^ /llx^**^^   " 
lizes  in  this  system,  as  its  typical  form.    Join  tho  ^SS^/^^^TT      nI"-""' 

opposite  angles  of  every  face.    Let  Hi  be  the  point  \  /^^s^Jajfi^^^^^/ 

where  Pi  Ej  meets  B,  Be ;  Hi  is  the  centre  of  the  yHLissS^^^^w'^ 

fjftoe  Pi  Bi  Rj  Be.    LetH2,H3,H4,H5andHe,be        jd^\     !  L^^ 
the  centres  of  the  other  faces  of  the  rhomboid  ^^*V^  '^    Iry''  ^^^ 

found  in  a  gimilflr  manner.  ^""'"^^^Ll,!'^''''''''''^ 

Join  Hi  H4,  H,  H5,  and  H3  H^,  the  centres  of  r.i 

tho  0|^osite  faces  of  the  rhomboid,  cutting  each  Yh%.  251. 

other  in  the  point  0. 

Hi  H4,  H2  Hs,  and  H,  He,  will  be  the  three  equal  axes  of  Professor  Miller,  and 
C  Hi,  C  H2,  and  C  Hg,  the  three  equal  parameters. 

Professor  Miller  refers  the  forms  of  the  rhomboidal  system  to  these  three  axes, 
equally  in<dined  to  one  another,  and  with  equal  parameters.  The  inclination  of  these 
axes,  and  the  length  of  the  equal  parameters,  will  differ  for  each  particular  substance, 
and  depend  upon  its  angular  element.  In  the  previous  s3rBtem  of  four  axes,  the  incli- 
nation of  the  axes  are  the  same  for  every  substance ;  but  the  length  of  the  unequal 
parameter  will  depend  upon  the  angular  element  for  each  substance. 

Both  systems  have  their  advantages.    Professor  Miller's  is  more  consistent  with 
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the  method  adopted  in  other  systema,  aa  all  of  them  are  referred  to  three  axes,  and  hiF 
formulffi  also  posBOM  the  advantage  of  being  readily  translated  into  those  of  Hauyf 
and  the  modifications  of  his  system  by  Brooke  and  Levy.  The  system  of  four  axes, 
howeyer,  by  its  formnlss,  gives  a  dearer  view  of  the  relations  of  the  various  forms  to  each 
other ;  and  the  axis  in  which  the  unequal  parameter  is  taken  is  one  of  considerable 
importance,  being  the  optic  axis,  in  the  case  of  every  transparent  substance  crystallizing 
in  the  forms  of  the  rhomboidal  system.  For  these  reasons  we  shall  adopt  the  system 
of  four  axes,  translating  its  formule  into  those  of  Professor  Miller. 

k— Take  any  arbitrary  line  C  6^  (Fig.  252}  as  the  length  of  the  three 

equal  parameters.  With 
C  as  a  centre,  and  C  G^  as 
radius,  describe  the  ciide 

Take  chords  6iG«,  G^G,, 
&c.,  G(  G^,  each  equal  to 
CO,.  JoinCG^CGjj&c., 
C  Oe.  G,  Gj  Gj,  Ams  G» 
will  be  a  regular  hexagon 
inscribed  in  the  circle 
G^G^G,. 

G1G4,  G^Gs,  andG.Go 
wiU  be  three  axes  which 


Fig.  252. 


Fig.  258. 

lie  in  the  same  plane ;  C  Gj,  C  G,,  C  G,,  the  three  equal  parameters. 

To  determine  the  fourth  parameter  which  lies  in  the  axis  passing  through  C  per- 
pendicuUr  to  this  plane,  draw  C  H  perpendicular  to  Gi  G,.  Then  (Fig.  253)  take  C  H 
equal  GH  (Fig.  252),  and  draw  G  P,  making  an  angle  P  C  H,  equal  to  the  angle  given  as 
the  angular  element  for  the  particular  substance  whose  parameters  are  to  be  obtained. 

Through  H  draw  HP  perpendicular  to  CH,  and  meeting  C  P  in  P,  HPwillbethe 
length  of  the  fourth  parameter. 

To  Draw  the  two  SexagomU  PrwiiM.— Through  each  of  the  points  G,  G^,  &c.,  G, 
(Fig.  252),  draw  M^  Mj,  Mj  M,,  &c.,  M,  Mg,  perpendicular  to  C  Gj,  C  Gj,  &c^  C  G^ 
meeting  each  other  in  the  points  M^  My  &c.,  M^.  M^  M^  and  M^  is  a  regular  hexagon 
circumscribing  the  circle  Gj  G^  G3. 

M^  Mj,  &c..  Me,  is  the  hexagonal  base  of  the  hexagonal  prism  of  the  Jtrst  order, 
Gi  G.>,  &c.,  Gfl,  that  of  the  Juxagonal  prism  of  the  second  order. 

Through  M^  and  M^  draw  D^  D^  and  D4  D3  parallel  to  G^  G3,  meeting  M^  M^  and 
M3  M2  produced  in  the  points  D4  Di  D^  and  D3. 

Join  G3  G4  and  G^  G5,  and  produce  both  ways  to  meet  D^  D^  in  E,  and  E^,  and 
1)3  Dj  in  E3  and  E^. 

Then  for  the  hexagonal  priwi  of  the  first  order  (Fig.  249)  draw  Dj  D4  equal  D^  D4 
(Fig.  252),  and  D4  Dj,  making  an  angle  of  about  30*  with  D4  Dj.  Draw  D^  D^ 
parallel  to  D4  D3, 

In  Dj  D4  (Fig.  249)  take  D^  M„  Dj  Gg,  and  D^  M5,  equal  to  D^  Mg,  Dj  G,,  and 
Di  M5  (Fig.  252) ;  also  in  Di  D,  take  Dj  E^,  Dj  M^,  Di  E„  Dj  D,  (Fig.  249),  each 
equal  the  half  of  D^  E„  D^  Mj,  D,  £3,  and  D,  D,  (Fig.  252). 

Take  D^  E^,  D^  M4,  D4  E3,  D^  D3  (Fig.  249),  each  equal  to  Dj  Ei,  D^  Mj,  Di  Ej. 
and  Di  Dj  of  the  same  figure.  Join  Dj  D3,  and  make  D^  Mg,  D^  G3,  D,  M3,  each  equal 
to  D,  Mr.,  D|  Gr,,  D,  M3. 
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Join  M|  M«,  Ml  M^  M3  M^  and  M4  M^,  also  £j  £4,  catting  M^  Me  in  G^,  and  M4  M^ 
in  65,  likewise  join  E|  £„  cutting  M4  M3  in  64,  and  M,  M,  in  G,. 

Join  Gi  G41  G2  G5,  and  G3  G«,  intersecting  in  the  point  C. 

Through  Mg  draw  M^  B^  perpendicular  to  Mg  M5.  Take  Mg  B,  of  any  convenient 
length.    Produce  Bg  Me  to  Bjj,  make  Me  B^,  equal  to  Me  Bg. 

Through  M^  M,,  &c.,  M5,  draw  B|  B7,  Bj  Bg,  &c.,  B5  Bjj,  each  parallel  to  Be  Bj,, 
and  take  M^  Bj,  M,  B7,  &c.,  each  equal  to  Mq  Bg. 

Join  B,  B,,  B2  B3,  ftc,  Be  Bj,  and  B,  Bg,  Bg  Bg,  &c.,  B^,  B,. 

And  the  hexagonal  piiam  of  the  first  order  will  he  constructed. 

Through  C  draw  Pj  P,  parallel  to  Bj  B, ;  take  0  Pj  and  C  P,  equal  to  Mj  Bj.  Then 
Pi  Pty  Oi  G^  G2  G5,  and  G3  Gg,  are  the  four  axes  of  this  prism. 

To  draw  the  hexagonal  prism  of  the  second  order,  let  Pj  Pj,  G^  G,  G3,  &c.,  Ge  (Fig. 
260),  he  determined  in  the  same  manner  as  in  Fig.  249. 

Through  G^  G^  Sec,  G«,  draw  A^  A^,  A^  Ag,  &c.,  Ag  A^,*  parallel  to  P^  P„  and 
Gj  Aj,  Gj  Ae,  Gj  A,,  &c.,  each  equal  to  C  Pj. 

Join  Aj  A2,  A2  A3,  &c.,  and  A7  Ag,  Ag  Ag,  &:c.,  and  the  hexagonal  prism  of  the 
second  order  will  be  described. 

^1  ^2)  ^1  ^4)  ^3  ^5>  <^d  ^3  ^6}  ^'^  ^®  ^^^^  <^^B  o^  ^^  prism. 

Symbols. — ^Each  face  of  the  Juxagoruil  prism  of  the  Jlrst  order  cuts  one  of  the  axes 
in  which  the  equal  parameters  are  taken  at  distances  equal  to  that  parameter,  and  the 
two  adjacent  axes  in  the  same  plane  at  distances  equal  to  twice  the  equal  parameter, 
and  is  parallel  to  the  axes  in  which  the  fourth  unequal  parameter  is  taken. 

Thus  the  &ce  B^  B7  Bj,  B,  (Fig.  249),  if  produced,  would  cut  the  axis  0  Gj  in  Gi, 
the  axes  C  Gg,  and  C  G,  produced  in  points  at  a  distance  equal  to  twice  C  G^  from  C ;  it 
is  also  parallel  to  C  Pi. 

The  symbol  which  represents  these  relations  to  the  axes  is  1,  2,  00 . 

Naumann's  symbol  is  00  P  2,  Miller's  0  1  1,  Brooke  and  Levy's  modification  of 
Haiiy  <^y  or  ^*,  according  as  the  rhomboid  or  hexagonal  prism  is  taken  for  the  primi- 
tiye. 

Each  face  of  the  hexagonal  prism  of  the  second  order  cuts  two  adjacent  axes, 
in  which  the  equal  parameters  are  taken,  at  distances  from  the  centre,  equal  to  the 
equal  parameter,  and  is  parallel  to  the  axis  in  which  the  unequal  parameter  is  taken. 

Thus  (Fig.  250)  the  face  of  the  prism,  Ai  A,  Ag  A7,  cuts  the  axes  C  G^  and  C  G,  in 
the  points  G^  and  Gj,  C  G^  and  C  Gg  being  both  equal  to  the  equal  parameter,  and  is 
pandlel  to  the  axis  CPi. 

The  symbol  which  represents  these  relations  to  the  axes  is  1  1  od,  Naumann's 
symbol  is  00  P,  Miner's,  2\\f  Brooke  and  Levy's,  e^  or  m,  according  as  the  rhomboid 
or  hexagonal  prism  is  taken  for  the  primitive. 

The  basal  pinaeoida,  which  inclose  the  prisms  of  both  orders,  are  perpendicular  to 
the  axis  G  P,  and  parallel  to  the  other  axes ;  their  symbol,  therefore,  is  00  oo  1. 

Naumann's  symbol  is  0  P,  Miller's,  111,  Brooke  and  Levy's  a*  or  p,  according  as 
the  rhomboid  or  hexagonal  prism  is  taken  for  the  primitive. 

To  describe  a  Net  for  the  Hexagonal  Prisms. — ^The  regular  hexagon  Mj  M.^,  &c.,  Me  (Fig. 
252),  wiU  form  the  top  and  bottom  of  the  hexagonal  prism  of  the  first  order,  the  hexagon 
G,  G2,  &c.,  Gg,  those  of  the  hexagonal  prism  of  the  second  order.  Draw  a  rectangular 
parallelogram,  having  two  of  its  opposite  sides  equal  to  the  side  of  the  regular  hexagon, 
and  the  other  two  equal  sides  of  any  convenient  length.    Airange  two  equal  regular 
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hexagons,  and  six  equal  parallelograms,  as  in  Fig.  253,  and  the  net  will  be  constructed. 


\   . 

/ 

Fig.  354. 

The  hexagons  being  taken  equal  to  Mi  M<j,  Ac,  M„  for  the  prism  of  the  first  order, 
and  to  G,  Gg,  &c.,  G,,  for  that  of  the  second  order. 

Mum^  whpee  cryatala  present  fwes 

parallel  to  the  hexagoml 

priun  of  the  first  order, 

00,  Nemaumn  co  P  2,  MiUer  Oil,  and  Brooke  andZetryd^:^ 

Antimony. 

Breithauptite. 

Bnioite. 

CaUunine. 

Caldte. 

Ghabasle. 

Chalybite. 

ConneUite. 

OoqnimUte. 

Conindiun. 

CoTeUine. 

Davyne. 

DiaUogite- 

Bioptaee. 

Dolomite. 

Emerald. 

Endialyte. 

Gmelinite. 
Greenockitc. 
Btmatite. 
HydMrgiUite. 

lee. 
Dmenite. 

MiUerite. 

Mimetite. 

Molybdenite. 

ITephdlne. 

Oamiridiam. 

Phenakite. 

Plattnerite. 

Pdybadte. 

Prou8tite. 

Pyromorphite. 

P^rronnalitB. 

Pyrrhotine. 

Quartz. 

JUpidoUte. 

fipartalite. 

Tourmaline. 

Yanadinite. 

WUlemite. 

MineraU  whose  crystals  cleave  parallel 
theeUavag 

to  this  form,  those  printed 
e  is  easy  and  perfect  ;— 

in  itaUcs  indicating  that 

Antfanony. 

Apatite. 
Brucite. 

Caldte. 

Emerald. 
Endialyte. 

GreeiMMild«e. 

Nephdiae. 

i4ienakite. 

PyrosmaHte. 

Spartalits. 

MineraU  whose  crystals  present  faces  parallel  to  the  hexagonal  prism  of  the  second  ori^r,  \ 

whose  symM  is 

1  1  00,  Naumann  oo  P,  Miller  21  1,  JBrooke  and Zevy  i^  :^ 

Apatite. 

Calolte. 

Chalybite. 

Cinnabar. 

Connellite. 

Coqnlmblte. 

Oxmndm. 

Cronstedtite. 

DaTyne. 

Emerald. 

Endialyte. 

Graphite. 

Qremookite. 

Hematite. 

HydrargUlite. 

Ilmanite. 

Medtine. 

Mlllerite. 

Mimetite. 

Molybdenite. 

ITepheWne. 

Phenakite. 

Pronatite. 

Pyrargyrite. 

Pyron^rphite. 

Pyrrhotlne. 

Quartz. 

BipidoUte. 

Tamarlte. 

TeUnrhnn. 

TeUurvdsmnth. 

TooRnallne. 

^rUiwute. 
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CKmny^m  panUltl  to  Vte  primn  of  the  meond  order  oeeur  in — 

Qiarts.  WiUemite. 

TVMurMiOT. 


Cinnabar. 


Gronstodtite. 
Fjrrhotine. 


MingrdU  whose  eryttah  preteM  faeea  pardlUl 

ITumumnoVy  Miller  111, 

*A]anitie.  ODquMWto. 

Ankerite.  Cionuidiiiii. 

Antimonj.  -                     Cronstedtite. 

Apatite.  Covelline. 

Aneoic  DttTYoe. 

BtoCitie.  I>iAlWte. 

Bismuth.  Bolondte. 

BreiUiaaptite.  Emerald. 

Brncite.  Eadialyte. 

CkUmine.  Fluocerite. 

GUeite.  Omelinite. 

ChalMBie.  Graphite. 

ChalyMte.  OrMDoeUto. 

Clintonite.  Hematite. 

Chlorite.  HydnrgUUte. 
Ice. 


to  the  baaai  pinacoide,  tymbol  <x> 
Brooke  and  Leey  a^  :— 


nmMite. 

Kapfemlokel. 

LeVvne. 

lioljhdniitc. 

W^heune. 

Osadrididm* 

Parasito. 

Plattnerite. 

FoljiMaice. 

Prourttte, 

Pyrai^gyrlte. 

Pyrom9it>hite« 

Pyrosmalite. 

Pyrrhotfne. 


Qoarti. 

Kipidolite. 

Bpartalite. 

StilpnomeUiie. 

SuianiOtB. 

Tamarito. 

Tetlnrivm. 

Tellarwiattnth. 

Tetradymite. 

Toarmaline. 

.Yanadtoitc. 

wtllemite. 

XflAthocone. 


CUavagea  parallel  to  the  batdl  pinaeUde  occwr  in  the  following  minerala  :- 


Ahmite. 


Apatite. 

Anenie, 

Miotite, 

Bumudh* 

Brueite. 

Ckleite. 

Gmtortite, 

OdoriU. 


Cbnmdum, 

Cronatedtite, 

CoveUme. 

Emerald. 

£ndialyte. 

Graphite. 

Qreenoddte. 

Hematite. 

Hydrargiilite. 

Ice. 


Nepbeline. 

Osmiridium. 

ParaaiUn 

Polybasite. 

P)frdsmalUe, 

Arrhotme. 

JupidoHte, 

JSpartalUe. 

Slilpnomelane. 


Suiannite, 

TamaHte. 

Tellaiinm. 

IhUvnimmuth. 

Tetradj/mite. 

Willemite. 

Xanthocone. 


Poiition  of  the  polee  of  the  Itexagomd  priems  and  basal  pinacoid  on  the  sphere  of  pro- 
iection  of  the  rhomboidal 
ijifrtMt.— With  C  88  cen- 
tre, 8iid  any  conYeaient 
nuliiiB  C  Ml  describe  tho 
cnde  M^  M^  M4. 

let  M1M4  andGjOj 
be  snj  two  diameteip  at 
rigbt  angles  to  each 
otiher. 

Tako  arcs  Mj  Gj, 
G2M3,O2M3,andM4  03, 
eeiti  equal  to  30°. 

Through  Gi,  M^,  Ms 
and  G3,  draw  the  dia- 
meters Gi  G4,  Mj  M5, 
Ma  Mc,  and  G3  G^. 

'ntenC  wiH  repreflent 
&e  north  pole  of  the 
sphei^  of  projeetibn,  and 
l3ie  drtde  M^  G)  M4  its 
equator. 


Fig.  253. 
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C  will  represent  the  pole  of  the  upper  baaal  pinaeoid,  Gi  G^  &c..  G,,  the  poles  of  the 
hexagonal  prism  of  theJirH  order,  Mj  Mj,  &c.,  M„  the  poles  of  the  hexagonal  prism  of  ike 
second  order,  G^  C  G4,  G,  C  Gg,  and  G3  0  G«,  the  zones  in  which  the  poles  of  the  six^aeed 
pyramids  of  the  Jir»t  order  lie,  and  M^  0  M4,  M,  C  M^,  and  M,  C  M«,  the  zones  in  which 
the  poles  of  the  si*-faeed  pyramids  of  the  second  order  lie. 

One  pole  of  the  ttoehe-faeed  prism  will  lie  in  each  of  the  arcs  M  G,  and  one  pole  of 
the  double  twelve-faced  pyramid  in  each  compartment  of  the  sphere  hounded  hy  the  arcs 
CM,  MG,  andGC. 

Double  Six-Faced  TjnmUL  of  the  Ftot  Ozder.—  The  douhle  siz-fhced 
pyramid  consists  of  two  pyramids  joined  together,  one  on  each  side  of  a  regular  hexa- 
gonal hase.    It  is  hounded  hy  twelve  tri- 
angular faces,  such  as  P|  M|  K5  (Fig.  266),  ^i 
each  fftce  heing  an  isosceles  triangle.    It  has  ^^^y^s^^^^ 
six  four-faced  solid  angles,  Mi  M,,  &c.,  M^,  y/y   /  !j        \\,^^ 
and  two  six-faced  solid  angles,  Pj  and  Pj.  .x^^^^^C''"  iT ^-^-^''^^S^gJ 

There  are  six  equal  edges,  Mj  M,,  &c.,  ISj^y^- — '^^^^J^-'^.Z^^^^-^^ 

which  are  the  sides  of  the  common  hexagonal  MfvK,    ^-^   ;-Ly — "^^y^ 

base,  and  twelve  other  edges,  Pj  Mj,  Pj  M^,  ^><v^      \\\    /^\/^ 

&c.,  equal  to  each  other,  but  unequal  to  the  ^^^^^"^^x^ 

former,  which  form  the  sides  of  the  isosceles  ^'^j 

triangles.    The  hexagonal  base  of  this  pyra-  Fig.  256. 
mid  is  the  hexagon  circumscribing  the  circle 

described  with  one  of  the  equal  parameters  for  its  radius. 

To  Draw  the  Double  Six-faced  Pyramid  of  the  lint  Orflfer.— Prick  off  the  points 
Ml,  M^  &c.,  M«  Gi,  Gj,  &c.,  Ge,  P^  P^,  and  C,  from  Fig.  249. 

Join  Ml  Mj,  Mj  M3,  &c.,  M,  Mj,  Gi  G4,  G,  G4,  &c.,  and  Pj  Pj. 

Take  C  Pi  and  C  P,,  equal  H  P  (Fig.  253),  the  unequal  parameter. 

Join  Pi  Ml,  Pj  M2,  &c.,  P,  Ml,  P,  Mj,  &c.,  and  the  pyramid  will  be  oonstmcted. 

Axes. — ^The  axes  Gi  Cj,  G,  Gi,  and  G3  C,  in  which  the  equal  parameters  lie,  join 
^e  centres  of  the  opposite  edges  of  the  hexagonal  base  of  the  pyramid ;  while  the 
fourth  axis,  Pi  P,,  along  which  the  unequal  parameter  is  measured,  joins  the  opposite 
apices  of  the  pyramids. 

Symbols.— "Each,  face  of  the  pyramid  would,  if  produced,  cut  oile  of  the  axes  in  which 
the  equal  parameters  are  taken  at  the  extremity  of  the  parameter,  the  neighbouring 
axis  in  the  hexagonal  base  at  a  distance  from  its  centre  twice  that  of  the  equal  para- 
meter, and  the  fourth  axis  perpendicular  to  the  base  at  the  extremity  of  the  unequal 
parameter.  Thus  the  face  Pi  Mj  M,,  if  produced,  cuts  the  axis  C  G|  at  Gj,  C  G«  at  a 
distance  from  C  equal  twice  G  Gi,  and  0  Pj  at  P^ 

The  symbol  which  expresses  this  relation  to  the  axes  is  1,  2,  1.  Naumann's  symbol 
for  this  form  is  P  2,  or  R  <» ,  Miller's  5,  2, 1,  Brooke  and  Levy's  d\  di  b\  if  the  rhom- 
boid, and  a^  if  the  hexagonal  prism  be  taken  aa  the  primitive  form. 

Inclination  of  the  Faces.— Let  ^  be  the  angle  of  inclination  of  the  faces  measured 
over  the  edges  M|  Mj,  M^  Mg,  &c. ;  $  their  inclination  over  the  edges  Pj  M|,  P|  M^, 
&c. ',  a  the  angular  element ;  and  \  the  latitude  of  the  faces  measured  from  the 
pole  C  (Fig.  255),  or  the  angle  between  the  axis  Pi  P^  and  the  normals  of  the 
faces. 
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Then  tan.  X  :=  006.  30°  tan.  a      cos. -=  sin.  SO^  sin  \     and  ^  =  2  A. 

2 

2\miion  of  the  Poles  on  the  Sphere  of  Prqfeetion. — The  meridians  of  longiitude  in 

which  the  poles  of  this  pyramid  lie,  will  be  those  of  30°,  90°,  and  160°,  on  both  sides 

of  Mj  C  M4 ;  or  four  poles  will  lie  in  each  zone  6^  C  64,  6,  0  65,  and  G,  C  G,.    Six 

poles  will  lie  in  the  circle  of  latitude  A°  north,  and  six  in  the  same  parallel  of  south 


CrystaU  tohoee  Facee  oeeurparaSel  to  the  Double  Six-faeed  Pyrmnid  of  the  Jlret  order, 
ioith  the  Latitude  of  their  Poke  on  the  uphere  of  pi-ojection. 

Apatite  ....        61°  44'. 

Broithauptite  .56°    6.' 

Emerald        ....        40°  60*. 

Quart*  ....        47°  43'. 

SottUs  Slz-&o«d  FinamkU  dMiwad  firoaa  the  Fyiamld  of  the  Ftot 

Older. — From  the  preceding  pyramid  others  may  be  deiivcd,  by  retaining  the  same 

base,  and  joining  its  angular  points  with  points  equidistant  from  C  in  the  line  P^  Pj, 

or  P|  Pj  produced.    Let  Qi  and  Q,  be  these  points.     G  Q^  and  C  Q,  are  always  some 

multiple  m  of  the  line  G  P.    m  may  be  any  whole  number  or  fraction. 

When  m  is  less  than  unity,  or  a  proper  fraction,  Fig.  257  represents  the  pyramid 
which  is  more  obtuse  than  Fig.  256,  from  which  it  is  derived. 

When  m  is  greater  than  unity,  Fig.  258  represents  the  pyramid  which  in  this  case 
IS  more  acute  than  Fig.  256,  ftx)m  which  it  is  derived. 

Symbole. — ^Each  face  of  this  pyramid  would,  if  produced,  cut  one  of  the  axes  in 
whidi  the  equal  parameters  are  taken  at  the  extremity  of  the  parameter ;  the  neigh- 


Fig.  357. 


bearing  axis  in  the  hexagonal  base,  at  a  distance  from  its  centre  being  twice  that  of 
the  equal  parameter,  and  the  fourth  axis  perpendicular  to  the  phme  of  the  base  of  the 
pyramid,  at  a  distance  from  the  centre  equal  to  « times  the  unequal  parameter. 

When  m  becomes  infinitely  great,  the  pyramid  bepomes  the  prism  of  the  first  order. 

The  symbol  which  expresses  this  relation  to  the  axes  is  1, 2,  m.  Naumann's  symbol 
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for  these  pyxamida  is  m  P  2,  or  m  E  ^ ;  Miller's  h,  k,  I;  and  Brooke  and  Levy's  modlfi- 

oation  of  Haiiy  a*",  if  tho  hexagonal  prism  be  taken  as  the  primitiTe  foiin.  Their 
symbol,  if  the  rhomboid  bo  taken  as  tiie  piimitiTe  fimn,  iriU  l>o  given  under  eiidi 
particular  form. 

IneUnation  of  the  Faees.—lf  \  be  the  angle  of  latitude  of  "Uie  feoes,  Ofiieir  ipctiiiatwtt 
oyer  the  edges  Q^  Mu  Q^'iL^' &c.j  ^  over  tiie  edges  M|  Mj,  M,  M3,  &c.,  a  the  kagahr 
element  for  the  substance, 

Then  tan.  X  =  m  cos.  30"*  tan.  a, 

cos.  fL=z  sin.  30^  sin.  A,  and  ^  =  2  A. 

Position  of  the  Poles  ofjhis  Form  on  the  Sphere  of  Pr^eeUm. — The  poles  of  these 
pyramids  always  lie  iu  the  same  sones  as  the  pyramid  of 
the  first  order  from  which  they  are  deJriycd ;  six  being  in 
the  circle  of  latitude  A**  north,  and  six  in  the  Mme  laiitode 
south. 

To  describe  the  net  for  these  Pymmf!&.— r 
Kg.  259.  Draw  C  Mj  and  C  P  (Fig.  269)  perpendi- 

cular to  each  other.     Take  0  M^  equal  to  C  Mi  (Fig.  252),  0  P 


equal  C  P^  (Fig.  256),  or  C  0^  (F^  257  and  258). 
Join  P  Mj. 

Then   Fig.  260.--Drav  M^  M,  equal  Mj  M. 
(Fig.  252).    On  M,  M,  describe  the  isosoeles  tri- 
angle P  Ml  M„  having  its  aides  P  M^  and  P  M^  ?ig.  S60. 
equal  P  M,  (Pig.  259). 
Fig.  261.               p  jf  ^  Mj  will  bo  a  face  of  the  pyramid,  and  twelve  such  fSsoes, 
arranged  as  in  Fig.  2()1,  will  form  the  required  net 

Forms  of  the  Double  Six-faced  Pyi'amids  derived  from  the  pyramid  of  the  first  order 
which  occur  in  nature^  together  with  the  Latitude  of  their  Faces,  1 

The  form  1,  2,  ^ ;  ^  P  2  Naumann ;  2  3  1  Miller ;  <i*  or  5^  b^  b^  Brooke  and  Lerj.  i 
Apatite  ....        22°  55'.  I 


Breithauptite 

Davyno 

•  Greenockito 

Hematite 

The  form  1,  2,  f ;  f  P  2  Naumann ;   3  7  1  Milllcr ;  a^ 
Ripidolitc       ... 

The  form  1,  2,  #;  #  P  2  Naumann;  1  3"l  Miller 
Apatite 
Chalybito 
Corundum 
Emerald 
♦Greenocldtc 
Hematite 
Ilmcnite 
Mimctito 


2r  22'. 

25**  53'.  I 

25°  28'. 

24°  22'.  I 

or  di  d\  b^  Brooke  and  Lcvr. 
60°  00'. 

ai  or  €3  Brooke  and  Levy. 
59°  24'. 
47°  30'. 

or  ir.  - 

49°  2*. 

02*  18'. 

«1°  T. 

6l»  7'. 

60'  0'. 
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KcpheHne 

62^  40'.                                  j 

ifl^iy  IT'I  fllll^ 

62°    0'. 

Parftrito 

82^  29'. 

Phenaldto 

IQ*"  IT. 

P3rroin6rp]ute 

6r  3!2'. 

Pyronmilite  . 

60°  47'.                                  1 

•Pyirkotme     • 

63°  26'. 

The  form  1, 12,  f ;  |  P  2  Nanmann ;  1  2  0 

Millar;  cr»  or  *«  Brooke  and  Levy.            | 

Apatite 

40»  13'.                                 1 

Calcite 

29*  40'. 

Ohabario 

85°  15'. 

Coquimbite    . 

29*    0'. 

Dayyne 

44^    8'. 

Emerald 

29**  57'. 

•  GmeHnite 

40"    4'. 

*6reenockite 

43"  37'. 

'Hemaitite 

42**  ir. 

Kupfemickel . 

43"  25'. 

Mimetite 

40*  64'. 

Molybdenite  . 

Undetermined 

Nepbeline 

44*    3'. 

tPhemikite    . 

IV  37'.                                  I 

Plattneiite     . 

Undetermined.                       ' 

Polyba^te 

US'"  30'.                                  1 

27"  43'. 

Pjnromoipbito 

40*  22'.                                   ! 

PyiiMUiMHte  • 

31*  30'.                                   1 

Pyzrhotiiie 

63*  25'.                                  ! 

IfiBBfltite  and  PyromQr]^ito  cleave  parallel  to  tbis  fonn. 

5^cform  1, 2,  V;  '^P 2Nwanaim;  3  10  4  Miller ;  «? or dh rfiV  bk  Brooke  and  Levy. 
Corundom    |.  .  .  64*  45'. 

Tbeforml,  2,2;  2P2Naumann;  142Miller;  a' or  rf»  rfj  H  Brooke  and  Levy. 

Apatite:  ....        68*  29'. 

Biotite  ....        78"    8'. 

Corondnm      ....        69*  51'. 

Quartz  .  .65"  33'. 

The  hum  1, 2,  ^;  ^P  2  Nanmann;  2  9  5  Miller;  ay^  ordk  dh  H  Brooke  «nd  Levy. 

Corundum      ....        72*  »1'. 

'niefonnl,2,4; '4P2Kaxittttnn;  168Miller;  i^  or  (^  i2i  ^S  Brooke  and  Levy. 
Bidt^  ....        81*    Z\ 

Oaloite 
Comndnm 
-•Gioonoddte 
Mimetite 
Pyromorphite 
Spaartalite 


68* 

18-. 

74* 

36'. 

76» 

18'. 

73°  64'. 

73* 

sr. 

60*  34'. 
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The  fonn  1,  2,  i^ ;  y  P  2  Naumann ;  1  6  4  Miller ;  «l  or  d^di  bi  Brooke  and  Leyy. 

Hematite 77'  SS*. 

Ilmenite 7r  33'. 

The  form  1,  2,  4 ;  4  P  2  Naumann ;  175  Miller ;  ai  or  d^d^  rf  Brooke  and  Leyy. 

Apatite 78'  61'. 

Biotite .       84''  0'. 

Calcite 73'*  41'. 

Corundum 79**  36'. 

Hematite  . '      .        79°  45'. 

The  form  1,  2,  5 ;  5  P  2  Naumann ;  2, 17,  13  Miller ;  a§  or  rfi  dk  b^  Brooke  andLcTy. 
j  Emerald 76'  58'. 

i    The  form  1,  2,  y  ;  V  P  2  Naumann ;  1  9  TMiUer ;  at  or  d^di  b^  Brooke  and  Lery. 
j  Corundum 82*  10'. 

I    The  form  1, 2,  8  ;  8  P  2  Naumann ;  1, 13,  D  Miller ;  qi  or  d^d^t  b^  Brooke  and  Leyj. 
Corundum 84°  45'. 

The  forms  of  Greenockite,  marked  thus  *,  are  sofaetimes  hemihedral,  with  paralld 
fSaces  ;  that  of  Phenakite,  marked  t)  hemihedral,  with  inclined  faces.  The  hemihednd 
forms,  with  parallel  faces,  are  rhomboids  ;  those  with  inclined  faces,  douhle  ihree-faeed 
pyramids. 

Double  Six-fiiced  Pynunid  of  tlio  Second  Ozdev«— The  double  six-faced 
pyramid  of  the  second  order  is  the  same  form  of  solid  as  the  pyramid  of  the  first  order, 

and  differs  from  it  only  in  its  position  and  rela- 
tion to  the  axes  of  the  system.  The  base  of  tiiis 
pyramid,  G^  6,,  &c.,  6g  (Fig.  262)  is  the  hexagon 
6^  G,,  &o.,  Gq  (Fig.  252)  inscribed  in  the  ciitk 
whose  radius,  C  G^,  is  equal  to  one  of  the  equal 
parameters. 

lb  I)raw  the  Boitbls  Six-faced  Pyramid  oftkt 

Second  Order. — ^Prick  off  the  pomts  Gj  G^  &c.,  G^ 

Pi  Ci  Pj,  from  Fig.  250.     Take  C  Pj  and  C  P^ 

equal  H  P  (Fig.  253),  the  unequal  parameter. 

Fig.  262.  Join  Pj  G„  Pj  G„  &c.,  and  the  pyramid  will  be 

constructed. 

Axes, — ^The  axis  P^  V^  in  which  the  unequal  parameter  is  taken,  joins  the  opposite 

six-faced  solid  angles  Pj  and  P, ;  while  the -axes  in  which  the  equal  parameters  are 

taken,  such  as  Gj  G4,  join  the  opposite  four-faced  solid  angles.    Each  fsjo^  therefoie,  of 

this  pyramid  cuts  three  axes  at  the  extremities  of  th£ir  parameters. 

Symbols. — ^The  symbol  which  expresses  the  abpye  relation  of  the  faces  of  tiiis 
pyramid  to  its  axis  is  111. 

Naumann's  symbol  for  this  form  is  P.  Miller,  Brooke,  and  Levy  do  not  treat  this 
pyramid  as  a  distinct  form,  but  regard  it  as  a  combination  of  the  two  equal  rhomboids 
which  are  its  parallel  hemihedral  forms. 

Inclination  of  the  Faces. — ^Let  <p  be  the  angle  of  inclination  of  the  fkces  measured  orer 
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the  edges  Pj  Gj,  Pj  G.^ 
■ngular  element. 


the 


1  =  2. 


COS.    t  =. 


PontioH  of  th«  PoUa  on  the  8pher$  ofProfection.—rThB  poles  of  tJie  faces  of  this  pyramid 
lie  in  the  meridians  of  0%  60%  and  120%  six  in  the  circle  of  latitude  a°  north,  and  six 
in  the  same  circle  of  south  latitude ;  or  four  poles  lie  in  each  of  the  zones  M^  C  M4, 
M,  C  M5,  and  M3  C  Mj  (Fig.  266). 

Bauble  8ix»&o«d  Pyzamlds  deilT«d  firom  the  Pyxmmid  of  the  Second 
todex. — Retaining  the  same  base,  other  pyramids  may  be  derived  from  that  of  the 
second  oirder  by  taking  points  Q|  and  Q,  in  C  P  or 
G  P  produce^  such  that  C  Qi  or  G  Q,  is  equal  to 
m  times  C  P^  (Fig.  262} ;  m  being  a  whole  number 
or  fraction  grmter  than  unity  for  the  pyramid  Fig. 
264,  and  leas  than  unity  for  Fig.  263. 


Fig.  368. 

When  m  becomes  infinitely  great,  the  pyramid 
beeomes  the  prism  of  the  second  order. 

8tfm6oU.— The  symbol  for  these  pyramids  is  11  m,  Nanmann's  m  P. 

InelmaHon  of  th$  Facet.— U  ^  be  the  angle  of  inelination  of  the  faces  measured  oyer 
the  edges  Q^  G^,  Q,  Gj,  &c.,  9  over  the  edges  G^  G,,  G,  G3,  &c.,  a  the  angular  element 
of  the  substance,  and  \  the  inclination  of  the  normals  of  the  feu^es  to  Q|  Qj,  or  their 
latitude  on  the  sphere  of  projection, 

tan.  X  =  m  tan.  a    0  =  2  A,  and  cos.  ^  =    ^  sin.  X. 

Poaiiion  of  the  Poles  on  the  Sphere  of  Profeeiion,-— The  poles  of  the  faces  of  these 
pyramids  lie  in  the  meridians  of  0%  60%  and  120°,  six  for  each  pyramid  in  the  circle  of 
latitnde  A**  north,  and  six  in  the  same  circle  of  south  latitude ;  or  four  poles  lie  in  each 
of  the  zones  M^  C  M4,  M^  G  M5,  and  M,  G  M,  (Fig.  266). 

ITetsfor  these  Pyramids.—Take  B  G  (Fig. 
266),  equal  to  C  Gj  (Fig.  262).  Draw  B  A 
perpendicular  to  B  G.  Take  A  B  equal  to 
G  Q  (Figs.  262  or  263) ;  that  is,  equal  to  m 
times  the  unequal  parameter.    Join  A  G. 

Then  (Pig.  266)  draw  Gj  G,  equal  Gi  Gj 
(Fig.   262);    on  it  describe  the  isosceles 
triangle  P  Gj  G,,  haying  the  sides  P  G^  and 
P  Gj  equal  A  G  (Fig.  266). 
P  G|  G,  is  a  fkce  of  the  pyramid ;  and  twelye  such  faces,  arranged  as  in  Fig.  261, 
wiU  form  tiie  required  net 


Fig.  265. 
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These  pyramids  oocur  bo  seldom,  as  homohodral  or  perfect  forms  in  nature,  that  whm 
they  do  so,  they  are  regarded  as  combinations  of  the  two  hemihedral  forma  demed 
from  them ;  we  shall  therefore  describe  them  under  their  hemihedral  forms. 

Ithomboid.— The  rhomboid  may  be  considered  as  a  hemihedral  form  with  paraM 
faces  of  the  double  six-faoed  pyramids    The  positiye  rhomboid'.  (Fig.  267}  is  deorired 


from  the  pyramid  Fig.  262  by  producing  the  faces  Pj  Gj  G^,  Pj  G3  G^,  P^  G,  G^  P,  Gi 
Gg,  P3  G,  G3,  and  P2  G4  G5  to  meet  one  another.  The  negative  rhomboid  (Fig.  268)  is 
formed  by  producing  the  other  six  faces  of  the  pyramid. 

The  rhomboid  is  bounded  by  six  equal  faces,  each  of  which,  such  as  P^  R^  Rj  R^ 
are  rhombs ;  that  is,  four-sided  figures,  with  equal  sides  and  opposite  angles,  but  all  the 
angles  not  equal.  It  has  twdye  equal  edges,  two  three-faced  tolid  angles^  Pj  and  P^ 
(Figs.  267  and  268),  formed  by  the  union  of  three  equal  angles  of  the  rhombic  faces, 
and  six  three-faced  solid  angles^  R^  R,,  &c.  (Fig.  267),  Rio  Rm  &c.  (Fig.  268),  foimcd 
by  tiie  union  of  two  equal  angles  of  the  rhomldc  faces  with  an  unequal  one. 

To  draw  the  Rhomboid. ^Thouf^  the  Rhomboid  is  deriyed  £rom  the  double  six-faoed 
pyramid  as  its  hemihedral  form,  and  might  be  constructed  from,  that  figure  by  pro- 
ducing its  faces,  it  is  more  easily  obtained  firam  the  hexagcmal  pium  of  the  first  order. 


Fig.  269. 

For  Fig3.  269  and  270,  prick  off  from  Fig.  249  all  the  points  marked  P  C  B  and  M. 
Take  P  C  and  Bj  Mj,  Bg  Mg,  &c.,  in  both  Figs,  equal  to  the  imequal  parameter  P  C 
(Fig.  262),  as  determined  for  Jthe  particular  substance  whose  rhomboid  is  to  be  drawn. 
Join^all  the  B's  and  Vy  C  P^. 

Tlicn  for  the  jwsitivo  rhomboid  (Pig.  269),  take  R^  Mg  equal  one-third  of  M^  B*, 
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Mj  Bj  one-third  of  Mj  B-,  and  so  on,  taking  care  that  the  points  K  are  altcrxuLtely  above 
and  below  the  points  M. 

Join  Pi  with  RcRj  and  K4;  and  P,  with  Ky  R3  and  B5;  and  B«  Ej  Ho  Rj  E^  B,  and 
B«,  and  the  positive  rhomboid  wiU  be  constructed. 

The  negative  rhomboid  is  constructed  by  taking  M  R  one-third  of  M  B  alternately 
above  and  below  M,  as  shown  in  Fig.  270^  and  joining  the  points  B  and  B. 

Symiola, — ^The  symbol  for  the  rhomboids  derived  from  the  pyramid  whose  symbol 

run    ,    nil 


isin,  i8  + 


and- 


n  p  p 

,  Naumann's  symbol  ia  +  -^  and  --  .^  or  +  B 


L  2  J  "^     L  2  J' • — " "-' '  ^   2  —     2 

and-B. 

Miller's  symbol  for  the  potUive  rhomboid  is  100,  Brooke  and  Levy's  P,  if  that 
rhomboid  be  taken  as  the  primative  form,  1(6*)  if  the  hexagonal  prism  be  chosen  for  the 
prxmative. 

HiUer's  symbol  for  the  negative  rlumboid  is  1  2  2,  Brooke  and  Levy's  e^  or  \{h% 
according  as  the  rhomboid  or  the  hexagonal  prism  are  taken  as  the  primative 
fonn. 

Jnelmaiion  of  the  Facts  oftlu  Rkoanboid^ — If  6  be  the  angles  of  inclination  over  any 
of  the  edges  P  B  (Figs.  267  and  268),  ^  over  the  edges  B  B,  and  a  the  angular 
element 

a 

cos.      =  sin.  60  sin.  a     and  ^  =  180''  —  a. 
2 

a  is  the  latitude  .of  the  faces  of  the  rhomboids  on  the  sphere  of  projection. ' 
Pole*  of  the  Ulumiboide  on  the  Sphere  of  Prqjection, — The  poles  of  the  positive  rhom- 
boid on  the  northern  half  of  the  spl^ere  of  projection  (Fig.  266),  are  the  points  where 


Fig.  271.  Fig.  272.  Fig.  273. 

the  circle  of  latitude^  a,  cuts  the  meridian  0  M^  G  Mg  and.  C  Mf,  the  poles  of  the 
negative  rhomboid  where  the  same  circle  cuts  the  meridians  C  M^,  C  M4,  and  C  M«. 

NeU  for  the  Mpmioids.'-Ttke  C  M  (Fig.  271)  equal  C  M  (Fig.  262),  draw  Pj  C  P^ 
perpendicukr  to  M  Cj,  take  C^Pi  andC  P^  equal  C  Pj  (Fig.  269  or  270). 

Through  M  draw  Bj  B^  parallel  to  Pi  Pa  and  through  Pj  and  Pj,  Px  Bj  and  P^  B, 
parallel  to  CM. 

Take  B  M  one-t|ind  of  B^  M.    Join  P^  B  and  B  P,. 

Then  (Fig.  272)  draw  A  B  equal  B  P^  (Fig.  271),  on  A  B  describe  an  isosceles 
triflBgle  A  C  B,  having  itssidiea  A  0,  B  C  equal  Pj  B  (Fig.  271)*  Describe  a  similar 
and  equal  triangle  AD  Bon  the  other  side  of  A  B.  The  figure  CAD  B  will  be  a  face  of 
ihe  ihomboid,  and  six  such  facet,  arranged,  as  in  Fig.  273,  wiU  fima  the  required  net. 
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Faces  paraUel  to  those  of  the  PoeUhe  Bhomboid  occur  in  nature  m  the  following  eubetatieet, 
JTiean^arethomof  the  inclinations  of  their  faces  $<md^.  ITie  an^  of  their  latitude, 
being  the  same  as  the  angular  dement,  is  not  given. 


Alunite 

Askerite 

Antimony 

Apatite . 

AiBenio 

Biotite  . 

Bismuth 

Breunnerite 

Calamine 

Galcite. 

Chabasie 

Chaljbite 

Cinnabar 

Corundum 

Cronstedtite 

Diallogite 

Dioptase 

Bdomite 

Emerald 

Eadialyte 

Gmelinite 

Hematite 

Ilmenite 

Leyyne 

Magnesite 

Meaitine 

MiUerite 

Mimetite 

Nitratine 

Fhenakite 

Proustite 

Pyrargyrite 

Pyromorphite 

Pyrrhotine 

Quarts 

Bipidolite 

Spartalite 

Susannite 

Tamarite 

Tellurium 

Tetradymite 

Tourmaline 

Willemite 

Xanthooone 


106^*  12' 

srz6' 

88M2' 

86**  41' 

7V    4' 

8r40' 
lOr  28* 
lOr  40' 
105»    6' 

94°  46' 
106'  60* 

7r48' 

86"    4'. 
Undetermined. 
106°  61';    73'»    V. 

96»64';  84»  6'. 
106°  16';  73°  46. 
104*34';    76°  26'. 

78°  30' ;  106'  30'. 
Doubtful. 

86M0' 


87''  10'. 

73'  48'. 

92°  26'. 

91°  18'. 

94'  19'. 
108'  66'. 

92°  20'. 

72°  37'. 

72'  20'. 

74'  66'. 

86'  14'. 

73'  0'. 
108'  12'. 

93' 66', 


86' 10' 

106'    4' 

107°  29' 

107'  14' 

144°    8' 

86°  48' 

106°  33' 

116°  40' 

107°  60' 

106°  42' 

88'  28' 

82°  40' 

•  94'  16' 

76°  22' 

116'  30' 

72' 30' 

69'  48' 

86'    2' 

66°  40' 

133°    8' 

128'  30' 

63'  18' 


98'  60'. 

93°  60'. 

73°  56'. 

72'  31'. 

72°  46'. 

36'  62'. 

93°  12'. 

73°  27'. 

63'  20'. 

72'  10'. 

73'  18'. 

91'  32'. 

97*20'. 

86'  46'. 
104'  22'. 

63' 30'. 
107'  30'. 
110°  12'. 

93'  68'. 
118'  20'. 

46' 62'. 

61'  80'. 
116'  42'. 
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88»43' 

9P  18' 

1050  y 

7405a' 

860    4f 

98°  SB* 

M°54' 

84»    ff 

'  IO40  84' 

75*26' 

86°  lor 

M'50' 

144°    8' 

,  350  sy 

8fl<»48' 

,    •S'li' 

Phenaklte      . 

.      116»40'; 

63°  av 

Pyromorphite 

88°  28' ; 

91°  82' 

Pyrrholine 

.       82°  40' ; 

97°  20' 

Quarts    . 

94°  ly ; 

85'  4y 

RIptdolito 

75°  22' ; 

104°  22' 

Suaannlte 

.       .       72°  W ; 

107°  W 

Telluriam 

.       .       86°    2'! 

93°  58' 

Cteav€Hfes  parsiUd  to  the  p<mdv«  Shomboid  occur  in  the  following  minerals,  the  cleavage 
being  perfect  in  those  printed  in  iuMct,       .    . 

ihiBite.  -     Diottoffite.  MuUine,  Pyrargyrite. 

imkeriU.  Dolomite.  MUlerite.  Qmrtz, 

'SBloUe.  EudialTte.  JfUratine.  Tntrmaline. 

Tkabaoie,  Hematite.  Phcnakite.  WUlemite. 

1kaly6«/e.  Ifanenite.  Proiutlte.  XorUhoeottef' 

hruMdutfim  Magnetite.. 

Cronstedtitc,  Fhenakite,  and  Pyrargyrite  pieaent  heouhedral  forms  of  the  siz-faccti 
Bnid  with  inclined  faces.    Tliis  form  is  a  double  three-fkced  pyramid. 

fhees parallel  to  ^«  negative  Shomboid  occur  m  the/oUowing  nUnerale. 

Apatite   . 
Calelte    . 

Oomndcun 
BicpUise 
Elmerald 
Hematite 

Millerite 
Mimetite 

lUcrite  and  Quartz  are  the  only  minerals  which  cloaye  parallel  to  th6  negative 
k>id,  the  cleavage  of  the  first  being  perfect. 

bomiboldB  may  be  derived  from  each  of  the  double  six-faced  pyramids  (page 
whose  symbol  is  11  m ;  to  draw  them  we  have  only  to  make  0  P  in  Figs.  269 
>0  equal  to  m  times  the  unequal  parameter.  Their  nets  may  be  constructed  in  a 
r  maimer  by  making  C  P  in  Fig.  271  equal  to  the  same  quantity. 

nbols.-'ThQ  symbols  for  these  rhomboids  wiU  be  I   -=—  I,  Naumann's— s-  or 

h  —  k 
&nd  Miller's  h  k  ky  where  m  =   ,    ,    -  .  is  the  relation  existing  between  the 

rs  need  by  Naumann  and  MiUer ;  Brooke  and  Levy's  symbol  will  be  b^  when 
ike  the  hexagonal  prism  for  their  primitive  form;  when  they  regard  the 
e  rhomboid  as  their  primitive  form,  their  symbols  for  the  derived  rhomboids  will 
n  with  each  particular  case. 

Unation  of  the  Faces  of  the  Rhomboids.^li  \  be  the  latitude  of  the  fSice  of  the 
ad,  and  a  its  angular  element,  ^  the  angle  of  inclination  over  the  edges  PE,  9  thut 
e  edges  RR  (Figs.  267  and  268), 

tan.  X  =:  m  tan.  a,      cos.  -^  =  »>  sm.  60  cos.  \  tan.  a, 
and  a  =  180°  —  ^. 


r- 

AT. 
?^ 


'^ds  derived  from  the  Double  SiX'faeed  Fyramids  (p.  397),  v)hose  Faces  have  been 
ibservod  in  nature,  together  with  their  latitude  on  the  Sphere  of  Firqjection, 

WiTnann  ;  655  Miller ;  ai  Brooke  and  Levy. 

Bematite.    .    6PW 

f^'  ^   Ifaumann ;  233  MiUer ;  a^  Brooke  and  Levy. 

\\t  ^   Hematite  .    .  11°  6' 

4^'  ^'-  STaumann ;  122  Miller ;  a^  Brooke  and  Levy. 

kV  ^  Hematite .    .  17°  26^ 

^ 

*  JORQANIC  nature.— No.  X»V.  2  D 
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18°  y 


^  R  Naumum;  211  Miller;  «'  Brooke  and  Levy. 

AatimoDj     .  200  4(r  I  ciiuialwr  .    .  SS^  Ssr  |  Hematite 
Calcite     .    .  lS»ffr|Ba41ftlyt».    •  tl«  SS*  |  Franrttt* 

Eudiaj^  dbayes  parallel  to  thk  form- 

—  j:  R  HwmBan ;  255  Miller ;  «i  Bio«ke  and  Leyy. 

Calolto.    .   .  lS»5y  IHemalitt.    .2P2y 

—  f  E  Naumann ;  133  Miller ;  a»  Brooke  and  Levy. 

Bematite .    .  24°  9^ 
1^  R  Naumann ;  622  Miller ;  at  Brooke  and  Levy. 

Conrndmn    .  27<>  41'  |  CinnalMr  .    .  4P  2^ 
I R  Naunmn;  911  MiBer;  ••  Bveoke  and  Levy. 

GUuMbar  .    .  46°  sy  |  IlmeniU  «    •  ST  7' 
}  R  Kaamaan ;  411  Miller ;  a^  Brooke  tfid  Lery. 

Apatfte    ,    .  SriSM  Hematite  «   .  SB*  7M  Qoarts 

Owuadnm    .  STIV  |  liiUerite  •   «  M^ 4t/  | Tamarite 

—  i  R  Havftaan ;  Oil  Miller ;  b^  Brooke  and  Levy. 


Pyrargyrite  .  12'  49^ 
Tetradymite .  42^  Ztr 


82«»2y 
M°  51' 


Ankerlto  . 

.25»42' 

Autimony 

.  87°   2* 

Apatite    . 

.  86°  IV 

Araenio    . 

.W»Vf 

Biamutli  . 

.  86^58' 

.  25°   9 

OetaaOae. 

.a4°«' 

Calcite. 
Chabaaie  . 
Ghalybite. 


DiaIlo8:lte 
Dioptaee  . 


,  29>iy 
.  81°22' 
,  as**  17' 
.  82°  «t 

.  u*2y 

,  81°  22* 


Badialyte. 
Hematite. 
Dmenite  . 


MiUerite 


,25°  40' 
,  60°  By 
.88°  7' 
,  88°  r 

,  2*»  ir 

,  10°4lf 


PhenaUlta  •  20^52' 
Proutite  .  .  24°  5r 
Pyxwaycito-  S4^28' 
Quarts  .  .  82°  2^ 
Tamttrite.  .  M^fP 
Toonnaline  .  14°2(r 


AntiAOBy,  Biamutli,  Ghalybite^  DiaUogite^  Hematite,  Dmenite,  Froaatit%  INoptaK, 
and  MiUerite,  eleaye  pandlel  to  tkia  Sorm,  tke  laafe  two  pecfeeliy. 
iRNanmann;  Oil  Miller;  ••  Brooke  and  Levy, 

Hematite.    .  44°a7' 
$  R  Nanmann ;  711  Miller ;  e*  Brooke  and  Leyy. 
.  Calcite .    .    .  38°  20' 

—  I  R  Natuaann;  l38  Miller ;  e^  Bioeke  an^  Levy. 

Calcite.    .    .  88°  17' 

—  f  R  Kanmann ;  "2,  11,  11  Miller ;  e^  Brooke  and  Lery. 

OaMte.    .    .  49°49' 

—  }  R  Nanmann  ;  283  Miller;  e^  Brooke  and  Levy. 

Calcite ...  50°  58' 

—  ^  R  Kaumann ;  455  Miller ;  e^  Brooke  and  Levy. 

Areenie    .    .  67°  ir  (  Caldte .    .    .  55°  5r  (  Hematite .    .  66°  58"  (  Prointite  .    .  54'  IS' 
^  R  Naumann ;  IS,  2,  2  Miller ;  «  *  Brooke  and  Levj'. 
QoarU.    .    .  64°  48' 

1  R  Naumann ;  6, 1, 1  Miller ;  e^  Brooke  and  Levy. 

Blpidolite    .    75^5* 

2  R  Naumann ;  61 1  Miller ;  e^  Brooke  and  Levy. 

Apatite  .    .    .71°  9-  |  Quartz    .    .  68°  31' 
-S&Nanmaan;  111  Miller;  «i  Bioekc  md Levy. 


Aatboou 

Apatite  . 
Biotito  . 
Bismuth  . 
Calamine  . 
Calcite.    . 


.  71°4Dr 

.  71°  y 

.  79MI' 

,  71°  37' 

,  61°  46' 

.  63°    7' 


ChakMto 

Chalybite . 
Ooruadum 
Dolomite  . 
Eudialyte 
Hematite . 


67°  4^ 

62°  r 

72^  22* 
62°  31' 

78»2y 

72°  ao' 


Samlto  . 

.  72=26' 

Leryne     . 

.  62°  87' 

Phenakitc 

.5i°44r 

Prouatite  . 

.  61°  41' 

Pyrargyrite 

.  71°  13' 

Qiuort?    . 

•  68°8P 

UpiAelitB  .  77°  2Sr 
Suaannite  .  78°  5^ 
Tetra4|nili  82°  14' 
Tourmaline  .  4^'  57' 
Wlllemite  .  49°  14' 
.  TT  25' 


Antimony,  Biamutli,  Levyne,  and  Tourmaline,  cleave  parallel  to  thie  Iqcsl 
^  R  Naumann ;  411  Miller ;  e*  Brooke  and  Levy» 

Hematite  .    .  75"*  42'  j  Ilmenitc  .    .  75°  42'  (  Ripidolite      .  79°  55' 
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-  t  R  Ksmunn;  577  Ifilltt;  A  Brooke  and  Leyy. 

Oikite.   .   ,m^9& 

3  R  Nftunuum;  722  Miller ;  ^  Brooke  and  Lery. 

OoMta ...  71*  IV 

^  3  R  KnmuBia ;  ^  KOler ;  «(  ftook»  and  Lerj. 

Oildte.    .    .  n«aO'lLeT7ne     .    .  7(F 57' |  Millcrifee .    .4B»i7' 

-  ^  R  Naumann;  433  Miller;  #*  Brooke  and  Levy. 

GUuidiM.    .  7S»M^|Caleito.    .    .  78«  51' |  Qvarts     .    .  77o  ir|  TMrmaOM  •  61»  4' 

4  R  Nannuum ;  Sll  MiBer;  c*.Brooke  and  LeTy. 

OttaiM.    .74»0r|DoUnita.    .  75» 25^  |  Pyruaniift  •  74P Sir  I  SMrtaUta     .  7l«57' 
ChalyMta  •    •  75<*  11'  | 

-  4  R  Naumann ;  755  Miller ;  rf  Brooke  and  Levy. 

Caleite.    .    .  75»4r 

-  6  R  Naumann;  322  Miller;  ^  Brooke  and  Levy. 

OiUaiiie.    .  77« sr  I  Cbalyblte      .  78»  V  |  IlaMaite  .    .  SS* 4r  I T^aimallM  .  68« 51' 
Caieitt.    .    .78«iriHematlt».    .  82»  it' |  Pynrgyiita  .  82*  IF  | 

V  RNannuom;  833  Miller;  et  Brooke  and  Levy. 
Qnartx     .    .  81«  51' 

6  R  Naumann;  13,  6,  5  Miller;  e^  Brooke  and  Levy. 
Quarts     .    .  as*  sr 

»7RNanmann;  13,  8,  6  Miller ;  #  V  BraAa  ad  Levy.     ; 
Qufta  \    .8S«l8r|8iuaBBita     ,t»W 

-  8  R  Nanmann ;  533  Millex ;  J^  Brooke  and  Levy. 

Cakttj^.   .   .82o4r 

-  11  RNaniaann;  744  Millar;  #^  Skooke  and  Levy,    j 

Qurts    •    .8t*54r 

iVfo  of  f  Ae  dbrvpnf  JSAemMti.— The  polea  of  I3ie  positive  rhomboids,  that  is  of  those 
rliomboids  wHooe  symbol,  according  to  Nanmann,  is  of  the  form  mR,  will  be  found  by 
obaarring  the  points  where  the  circle  of  latitude  for  X°  north  cuts  the  "»«^<^*^Fiff  OM^, 
CM,,  and  CM^  (Fig.  255),  of  the  northern  hemisphere  of  the  sphere  of  projection,  and 
where  the  same  circle  of  south  latitude  cuts  the  meridians  CM,,  CM4,  and  CM,  in  the 
SQutiiem  hemisphere.  In  the  case  of  the  negative  rhomboids,  or  those  whose  symbol 
is  —  mR,  the  poles  will  be  the  intersection  of  the  circle  of  north  latitude  X,  wiUi  the 
meridiana  CM^  CM4,  and  OMe,  and  the  same  circle  of  south  latitude  with  the  meridian 
CMi,  CM3,  and  CMs. 

drcU  of  Latitude  on  Sphere  of  Jhrofeetum.—'We  here  beg  to  call  our  readers'  attention 
to  an  onuasion  which  we  find  we  have  made  in  the  early  part  of  our  treatise.  We  ou^t  to 
have  warned  our  students  that  it  is  far  more  convenient  for  purposes  of  crystallofraphy 
to  reckon  the  degrees  of  latitude  from  the  pole  to  the  equator  instead  of  from  the 
equator  to  the  pok.  Strictly  speaking,  the  angle  which  we  have  called  the  angle  of 
latitade  is  the  north  or  south  polar  distance.  Our  angle  of  latitude  is  always,  there- 
fore, the  difference  between  90°  and  the  angle  of  latitude  as  reckoned  on  a  celestial  or 
terrestrial  globe.    This  observation  applies  to  the  cubical  and  pyramidal  systems. 

TIm  atght  Prism  on  a  Twelw«^8id«d  BaM.— This  prism,  also  called  the 
dihexagonal  priam^ '  is  a  solid  bounded  by  fourteen  &cc8,  twdve  of  which,  sach  as 
L,  L,  6y  Gi  (Fig.  274),  are  rectangular  parallelograms,  forming  the  sides  of  the  prism ; 
the  other  two,  which  terminate  the  prism,  being  irregular  polygons,  with  twelve  sides. 
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When  tMs  prism  is  considered  an  open  form,  its  sides  alone  are  taken  for  the  planet  of 
the  prism,  and  the  two  ficM^es  which  inclose  it  are  considered  faces  of  the  same  btual 
pinaeoids  whidi  inclose  the  hexagonal  prisms. 

2b  Draw  the  DUtexaffonal Prittn.—Ttike  anj  arhitrary  line,  CGi  (Fig.  27^,  for  one 

&C, 


Jig.  274. 


Fig.  275. 


CGc,  each  eqnal  to  0G|,  and  inclined  to  each  other  at  an  angle  of  60"*.  Join  G|  G,, 
G,  G^  &o.,  G«  G« ;  G|  G,  G,  &c.  G^  will  he  a  regular  hexagon,  and  G^  G4,  G3  G^,  and 
Gj  Ge  will  represent  the  three  axes  of  the  hexagonal  system  in  which  the  equal 
parameters  are  taken. 

Draw  CLi,  CL„  CLj,  &c.,  CL,  bisecting  the  angles  GjCGj,  GjCG,,  &c.,  GgCG,. 

Then  Fig.  276,  draw  the  equilateral  triangle  CG,  G,  equal 

CGiGj  (Fig.  275) ;  bisect  GjCGj  by  CH,  produce  CG,  and 

OGj  to  Kj  and  E, ;  take  CK|  and  GK,  each  eqnal  n  times  CG|, 

the  symbol  for  the. prism  being  1  n  ao.     Join  Gj  K,  and 

G,  Kj  cutting  GH  produced  in  L.    Lastly,  in  Fig.  275,  take 

CLj,  CLj,  Glig,   &c.,  CLe  each  equal  to  GL   (Fig.  276); 

-  join  G|  L|,  Lj  G,,  Go  L^  L,  G,,  &c.,  and  G,  L|  G,  L,  &c. 

Lg  Gj,  will  be  the  base  of  the  prism.    Through  Gq  and  Gj 

Fig.  276.  draw  the  lines  D4  Ga  Dj  and  D,  G3  D,  parallel  lo  L^CL^ ; 

take  G«  D,  equal  to  any  line  greater  than  CLj ;    G«  D4, 

Gs  D,  and  G3  D„  each  equal  to  Ge  B^ 

Join  Di  D2  and  D4  D3 ;  produce  L,  h^  to  meet  D,  D3  in  M,,  and  D^  D4  in  Mg,  and 
Lj  L«  to  moot  D2  D3  in  M„  and  D^  D4  in  M^. 

Join  L5  I^,  G«  Gi,  G4  G,  and  L3  L,,  and  produce  these  lines  as  well  as  L^  L,  to 
meet  Di  D,  and  D4  D,  in  the  points  K£  and  M,  as  indicated  in  Fig.  275. 

Draw  D,  D^  (Fig.  274)  equal  D,  D4  (Fig.  275),  and  Di  D,  and  D^  D3,  each  making 
an  angle  of  30°,  to  Dj  D4.  Take  D|  D^  and  J)^  D3  equal  to  the  half  of  D,  1),  and 
D4  D3  in  Fig.  275. 

In  D,  D2  (Fig.  274)  take  Dj  Nj,  Dj  E^,  D^  N,,  D^  E.,  D,  Xj,  each  half  of  D,  X„ 
Di  E„  Dj  Ml,  &c.,  respectively,  in  Fig.  275. 

Through  Nj,  Ep  M„  E,  and  N,  draw  N,  N4,  E,  E^,  M,  Sf^,  E^  E3  and  N,  Nj 
pandld  to  D,  D^.  Take  Nj  Lc.  N,  !.»,  Bj  Gj,  Ej  Gj,  Mj  L,,  Mj  L4,  E,  G,,  Ej  G4, 
N,  Lj,  Na  L3,  Di  Ge  and  Dj  G,  respectively  equal  to  Nj  I^  N,  L,,  Ej  G^  E,  G,,  ftc 
(Pig.  275).    Draw  Gj  G^  perpendicular  to  D,  D|,  take  G,  Gjj  equal  the  height  of  the 
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prism  intended  to  be  represented ;  draw  L,  L^,,  6^  67,  L^  L,,  &c.,  as  in  Fig.  274, 
parallel  and  equal  to  6^  G^j ;  join  6,2  L^,  Lj,  67,  &c.,  and  tiie  i-ight  prion  on  a  twelve- 
iided  bate  wiU  be  drawn  in  isometrical  perspective. 

Axes,^^^  G^,  Gj  Gj,  and  Gj  Gg  (Fig.  274)  represent  the  three  axes  in  which  the 
equal  parameters  are  taken.  The  fourth  axis  corresponds  to  the  geometrical  axis  of 
the  prism,  and  would  be  represented  by  a  line  drawn  through  G  parallel  to  G«  G^,. 

^ym^b.— Each  faco  of  the  prism,  if  produced,  would  cut  one  of  the  three  equal 
axes  at  a  distance  from  the  centre  equal  to  the  arbitrary  unit,  and  an  adjacent  axis  at 
n  times  this  distance,  and  is  parallel  to  the  fourth  axis. 

The  symbol  which  expresses  this  relation  to  the  axes  is  1  n  00 .  Naumann's  symbol 
for  this  form  is  00  P  n ;  and  Miller's  h  ki,  h  kl  and  n  may  be  obtained  from  each 
other  by  the  formulis 

n  =r  1 .■  and  A  +  it  +  /  =  <?. 

A  —  K 

To  deeeribe  a  Net  for  the  RigU  Tfitm  on  a  Tiaelve-tidedBaee, — Draw  two  twelve-sided 
polygons,  each  equal  to  Gj  Li  G,  Lg,  &c., 
^  ^i  (Fig.  275),  and  twelye  rectangular 
panJlelograms,  each  equal  in  breadth  to 
Gj  Lj  (Fig.  275),  and  of  a  length  equal 
to  that  of  the  prism  intended  to  be  re- 
presented. Arrange  these  fourteen  figures 
M  in  Fig.  277,  and  the  net  will  be  con- 
•tructod. 

Petition  of  tJte  Poke  of  the  Priem  on  the 
^hffre  of  Prq}eci4on,—The  poles  of  the 
faoea  of  the  dihexagonal  priem  always  lie 
in  the  same  zone,  and  that  zone  is  the 
equator  of  the  sphere  of  projection;  S^, 
%  8„  S|,  &c.,  S,,  (Fig.  266)  represent 
tiiese  polos,  the  arcs  Gj  Sj,  Gj  S^,  G,  S5, 
Gj  84,  &c.,  being  equal  to   each   other. 

liCt  e  be  the  angle  MiOS^,  or  the  longitude  of  the  pole  S^  reckoning  from  Mi- 

A  —  / 


% 


Fig.  277. 


taiid=|/3^^  =  V3 


2A-.A  — r 


farm  of  the  DUuxagonal  Friemy  parallel  to  which  Facet  have  been  ohterved  in  nature, 
with  tJ^e  Longitude  of  their  Folee  on  the  Sphere  of  Frojeetion. 

The  form  1  f  oo;  ao  P  f  Nanmann;  6  2  3  Miller;  tmAe^  d^  bi  Brookeand  Levy ; 
longitude  6^  36'  occurs  in  Corundum  and  •Dioptaae. 

The  ibrm  1  |  « ;  oo  P  J  Naumann ;  11  4  7  Miller ;  A  d^  b"^  Brooke  and  Leyy ; 
longitude  »"  67'  occurs  in  Quartz. 

The  form  1  }  00 ;    00  P  J  Naumann ;  3  1  2  Miller ;  rf»  rf J  rf  Brooke  and  Leyy ; 


W   64.'   occurs   in    *Apatite,    Emerald,    Hematite,    *Phenakite,     and 
Tourmaline. 

The  form  1  4  » ;   00  P  |  Naumann;  7  2  6  Miller;  di  d^  b'^  Brooke  and  Levy ; 
longitude  13"*' 64'  occurs  lA  Galcite  and  ^Dioptase. 


Digitized  by  LjOOQIC 


406  THE  DOUBLE  TWELVE-FACED  PYRAMID. 

Th©  form  1  ^  «  ;  «>  P  J  Naumaim ;  4  T  3  Miller ;  cP  efi  b*  Brooke  and  Levy ; 
longitude  IB''  6'  occurs  in  Tourmaline. 

Tho  form  1  |  qd  ;  oe  P  f  Naumann ;  6  1  i  Hilkr ;  d^  d^  bi  Brooke  and  Levy ; 
longitude  19^*  6'  occun  in  *Apatitey  *Diopta8e,  and  Millerite. 

Tho  forms  marked  tlius  *  are  liemikedral,  with  parallel  faces ;  the  hemihedral  form 
of  this  prism  with  parallel  faces  is  a  regular  hexagonal  prism,  arising  from  the 
development  of  the  alternate  faces,  and  differs  only  &om  the  prisms  of  the  First  and 
Second  Order,  in  its  position  with  rpgard  to  the  axes. 

PinMs  Tw»lTe-fia€«d  Fynaiiid*— The  dotibU  twdw-faied  pyramid,  or,  as  it  is 
generally  called,  the  dihexagonal  pyramid,  consists  of  two  pyramids  joined  together, 
one  on  each  side  of  the  dihexagonal  base  given  in  Fig  275.  It  is  bounded  by  twenty- 
four  equal  and  similar  scalene  triangles,  it  has  ivn^ve  fotir-faeed  solid  angles  at  the  base 
of  the  pyramids,  and  two  twelve-faced  solid  attgles,  one  at  each  apex  of  tho  double 
pyramid. 

This  pyramid  may  he  easily  drawn ;  through  G,  in  Fig  274,  draw  a  line  perpen- 
dicular to  L^  L^,  take  two  points  in  this  line  eqmdistant  from  0,  and  each  equal 
m  times  C  P|  (Fig.  256),  and  join  these  points  with  G^  G,,  &c.,  G^  and  Lj  L,,  &c.,  L^ ; 
f»  P  n  being  the  symbol  of  the  pyramid. 

This  pyramid  has  never  been  observed  alone,  and  scarcely  ever  in  combination 
with  other  forms.  When  these  latter  occur,  they  may  be  regarded  as  the  combination 
of  the  positive  and  negative  scalenohcdron  derived  from  it. 

Symbols. — ^Each  face  of  the  pyramid  would,  if  produced,  cut  one  of  the  ax.cs  in 
which  lihe  equal  parameters  are  taken  at  the  extremity  of  the  parameter ;  the  neigh- 
bouring axis  in  the  hexagonal  base  at  a  distance  frt>m  its  centre  n  time^  that  of  the 
equal  parameter,  n  being  any  fraction  greater  than  one,  and  less  than  two ;  and  tho 
fourth  axis,  which  is  perpendicular  to  the  base,  at  a  distance  from  the  centre  m  times 
that  of  the  imequal  parameter,  m  being  a  fraction  or  whole  number  equal  to,  greater,  or 
less  than  unity.  The  symbol  which  expresses  this  relation  is  1  m  n.  Kaumann'a 
symbol  is  mPn,  and  Miller's  hkl. 

When  m  becomes  infinitely  great  this  pyramid  passes  into  the  diheaagonal  pritm^ 
and  when  m  is  finite  and  n  becomes  equal  to  two,  it  passes  into  a  double  sia>facmi 
pyramid,  derived  from  that  of  the  First  Order. 

Position  of  the  Poles  on  tKe  Sphere  ^  iy^V^^ibfi.— Twelve  poles  lie  in  the  same  ciide 
of  north  latitude  and  twelve  in  the  same  circle  of  couth  latitude,  one  pole  lies  within 
each  spherical  triangle  C  G  M  (Fig.  256),  two  poles  lie  in  the  same  circle  of  latitude  at 
equal  angular  distances  on  each  side  of  every  meridian  0  G,  such  as  Tj  T3  on  both  sides 
of  C  Gj  and  Vj  V,  on  both  sides  of  C  G^. 

The  lormnlsB  for  dstermiiiisg  the  iatitvds  and  loogihide  of  then  poles,  team  the 
symbols  for  their  forms,  as  well  as  the  relatioa  betweoi  mn  kk and  /,  will  be  givcA 
under  the  desoription  of  the  hexagonal  scalenohcdron. 

Bexagonal  Scalenohedxon.— The  hexagonal  sealenohedron  is  a  hemihedral 
form  with  parallel  faces,  derived  from  the  double  twelve-faced  pyramid  by  producing 
half  the  faces  of  the  upper  pyramid  taken  in  pairs  to  meet  half  the  faces  of  the  lower 
one  which  do  not  correspond  to  those  taken  frtim  the  upper.  Thus  the  faces  whose 
poles  are  Tj,  Vj,  T3,  V.^  V4,  and  Tj  in  the  northern  hemisphere  of  projection  (Fig.  265), 
being  prodnoed  to  meet  one  another,  and  the  &oes  whose  poles  are  T,,  Y},  T4,  Y,,  T^, 
and  Y5  of  the  southern  hemisphere,  will  Ibnn  the  positiTe  soalenohcdron.      The 
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hten  if  ptodvoed  to  neel   eMh  ot&er  iriU  ftm  the  negativd 

me  hcxagonil  MHa«iMhednn  is  bounded  hf  tw«tve  «qiial  and  nmilar  soden^ 
trian^es,  Buch  as  K,  R,  R,  (Fig.  278),  and  Kj  R,3  R,  (Fig.  279) ;  it  has  two  eiz-lhoed  soUd 


angles,  K^  and  E,  (Figs.  278  and  279),  and  six  four-faced  solid  angles  Rj,  R^,  ^.;R^ 
(Fig.  27^  and  R7,  Rg,  &c.,  Rj,  (Fig.  279).     The  four-faoed  solid  angles  are  joined 


Fig.  381. 

together  hy  six  equal  edges,  such  as  Rj  R,  (Fig.  278,)  and  R'„  R,,  (Fig.  279).    These 
edges  correspond  to  the  edges  of  a  rhomboid  which  may  bo  inscribed  in  the  sealenek^ 
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droxL,  witlL  the  samo  axes  as  the  flguie  in  which  it  is  insoribed.  The  remaining  twelve 
edges  arc  equid  in  pairs,  six  being  longer  and  six  shorter,  the  longer  and  shorter  edges 
joining  the  six-faced  solid  angles  with  the  four-faoed,  alternately,  as  shown  in 
Figs.  278  and  279. 

lb  draw  th$  Sexag&tMl  Seaknohedron. — ^Though  the  hexagonal  scalenohedron  is 
derived  from  the  double  twelve-fiused  pyramid,  by  the  development  of  half  its  laces, 
and  might  be  constructed  frt>m  that  figure,  it  is  more  readily  obtained  from  the  positive 
or  negative  rhomboid  which  may  be  supposed  to  be  inscribed  in  the  scalenohedron.  | 

Let  two  rhomboids  (Figs.  280  and  281)  be  drawn  as  directed  for  Figs.  269  and  270.   , 
Produce  C  P^  and  C  P,  to  K^  and  £,  (Figs.  280  and  281),  make  C  K|  equal  C  K»  then  | 
(Fig.  280)  join  K^  R|,  K^  Rp  ftc,  K,  B« ;  K,  R^,  E,  R,,  &c.,  K,  R„  also  in  Fig.  281 
join  K|  Rt,  El  Rg,  &c.,  K^  R^,;  £,  R^,  K^  R^,  &c.,  E,  R^,.    Fig.  280  will  giye  the 
positive,  and  Fig.  281  the  negative  scalenohedron,  the  combination  of  whose  faces 
together  would  give  the  double  twelve-faced  pyramid. 

Symbolt,  —  If  m  P  It  be  I9'aumann*s  pymbol  for  the  double  twelve -faced 
pyramid  from  which  the  scalenohedron  is  derived,    his  symbol  for  the  latter  will 

be  +      — 2"   \  ^^  —      — o^      according  as  the  scalenohedron  is  positire  or 

negative. 

Naumann's  symbol  for  the  rhomboid  inscribed  in   the  scalenohedron   whose 

symbol  is  ["^  «  "  |  w  -'  -R;  and  C  E  is  equal  to  -— - —  times  C  P,  hence 

Naumann  chooses  the  arbitrazy  symbol  -^  -^  R  2  —  n  to  represent  the  scaleno- 
hedron    '  2  ~   • 

To  describe,  therefore,  the  scalenohedron  derived  from  the  double  twelve-&ced 

pyramid  to  P  «,  wo  must  describe  the  rhomboid  ^"v    ~  **}'^^  produce  C  Pi  and  C  P, 

n 

(Figs.  280  and  281),  and  make  C  Eequal  i,—^^  times  C  P. 

Miller's  symbol  for  the   scalenohedron  is  *\hkl^\  where  *»  =  -jl^T  •  / 

h  7 

and  ft  =:  ^--_  r  are  the  relations  between  Kaumann's  and  Miller's  symbols  for  the 

same  form. 

Nett/or  the  SeaUnohedront. 

Describe  the  triangle  RPj  P,  (Fig.  282)  as  in  Fig.  271,  to  form  the  net  of  the 
rhomboid  whose  symbol  is  "'^    ~"  "^R.     Bisect  Pj  P.^  in  C,  produce  CP,  to  E^,  make 

CEj  equal ^ZZ'n  *""®'  ^^"  produce  CP,  to  Ej,  and  make  CE,  equal  CEj.  Join  EiR 
and  E,R. 

Then  (Fig.  288)  draw  IM  equal  RPj ;  on  LM  describe  the  triangle  LMN,  having 
its  side  LN  equal  RE^,  and  its  side  MN  equal  RE,.    LMN  will  be  a  face  of  the 
n 

scalenohedron  -^ R    ""  **,  and  twelve  such  faces,  arranged  as  in  Fig.  284,  wUl 

form  the  net  required. 
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Position  of  the  Poles  of  the  Hexagonal  Sealenohedron  on  the  Sphere  qf  Projection, — 
If  mVn  be  the  symbol  of  the  double  twelre-faced  pyramid  from  which  the  acalenohc- 

*i  —  1 
dron  13  derived,  take  an  aro  Mj  %  such  that  tan  MSj  =  V^^TI^Y  ™**  off  arcaMi  Sjo, 

M,  S»  M,  85,  &c.,  M,  S,»,  M.  Sii,  as  in  Fig.  265.    Join  CS^  CS,,  CS„  &c.,  CSj,.    Let 

B  be   the   angular  distance  of  a  circle  of  latitude  from  C,  such  that  tan  $  = 

m     . 

-  Vn^  —  n  +  ltano,  where  a  is  the  angular  element  for  the  substance  of  the  crystal 

giyen  in  pages  385  and  386.  Then  this  circle  of  latitude  will 
out  the  meridians  CS^,  CS,,  GS„  CS4,  &c.,  in  the  points  Tj,  T^ 
Vi,  Vy  &o.,  as  in  Fig.  265. 

Tj,  Tj,  Vj,  V„  &c.,  will  be  the  poles  of  thp  double  tweWe- 
faced  pyramid  on  the  sphere  of  projection. 


Fig.  S82. 


Fig.  283. 


Fig.  284. 


The  poles  Ti  V,  T3  V^  %  V,  will  be  those  of  the  positive,  and  T,  Vj  T4  V,  !«  Vj 
those  of  the  negative  sealenohedron  on  the  northern  sphere  of  projection. 

The  arc  HS,  which  we  may  consider  the  longitude  of  the  pole  T,  firom  the  meridian 
CMi,  we  shall  represent  by  the  symbol  ^. 

Feces  of  Sealenohedrons  and  other  forme  derived  from  the  Double  Twehe-faced  ^ramids 
occur  in  Katurty  in  Crystals  of  the  following  substances. 

The  form  —  13  P^f  or  —  11  B.i^,  Naumann ;  8  6  4  Miller ;  di  ^i  *i  Brooke  and 
Levy.    ^  =  S**  68',  in  Quartz  $  =  86*  24'. 

The  form  i  P^ti  ^^  ^*'  Naumann;  11  0  1  Miller;  d*  Brooke  and  Levy. 
<p  =  4°  18',  in  Dioptaso  $  =  64'  35'. 

The  form  |  Pf ,  or  |  R^  Naumann ;  7  1  2  Miller ;  rf^  ^*  *i  Brooke  and  Levy. 
ip^zB""  49*,  in  Pyrargyrite  e  =:  62=*  20'. 

The  form  —  y^  Pf,  or  —  A  ^^  Naumann;  22  19  2  Miller ;  <^3^  <h^  ^l  Brooke 
and  Levy.    ^=16"  35',  in  QuarU  0  =  36'  25'. 

The  form  I Pf  or  R^)  Naumann;  0 7 1  liiller ;  <r  Brooke  and  Levy.  ^  =  6*35', 
in  Dioptase  9  =  66*"  66'. 

The  form  8  Pf^  or  6  Rt>  Naumann ;  16  6  8  Miller ;  dl  di  ^iV  Brooke  and  Levy. 
((^  =  6r  35',  in  Quartz  0  =  84°  3'. 
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The  form  J  P},  or  |  r4>  Naumaim ;  7 1  0  Miller ;  *»  Brooke  and  Levy.  ^  =  7"  35', 
in  Calcite  6  =  38»  58*. 

The  fotm  f  Pi>  or  R^'  Naumann ;  6  Ol  Miller ;  tfi  Brooke  ead  Levy.  ^  =  7^  SoS 
in  Calcite  6  =  62'  18'. 

The  form  ^f  P|,  or  f  R^  Namnann  ;  6  1  0  MiUcr ;  *•  Brooke  and  Levy.  ^  =  8'  57', 
in  Calcite  e  =  38^  8'. 

The  form  ^  Pf,  or  R^  Nannuum ;  5  01  MiUer ;  *  Brooke  and  Levy.  ^  ^  8*  5?, 
in  Caloite  •  =  53**  5r. 

The  fbm  6  P|,  or  4  R4»  Namnann;  4  1  2  MiUer;  rf'  dl  H  Brooke  and  Ix?vy. 
^  =  8"  67',  in  Dolomite  $  =  79'  26',  and  Quarts  e  =  ftl''  57'. 

The  form  V*  ^4»  or  f  R4»  Naumann ;  3  7  5  Miller ;  d^  dz  ^i  Brooke  and  Levy. 
if,  =  10°  64',  in  Corundum  0  =  68"  2'. 

The  form  ^  P^,  or  R^»  Naumann ;  0  4  T  Miller ;  d*  Brooke  and  Levy.  ^  =  10'  54', 
in  Apatite  6  =  69=*  57',  Calcite  $  =  56"  26',  Emerald  6  =  66"  44',  and  Pyrargyrite 
e  =  54°  16'. 

The  form  —  ^  P J,  or  —  R^»  Naumann ;  2  3  -2  Miller ;  ea  Brooke  and  Jjcvy. 
«^=  10'  54',  in  ApaUte  e  =  69'  57',  and  Emerald  $  ■=  56'*  44'. 

The  form  —  y  PJ,  or  —  2  r4»  Naumann ;  5  3  5  MiUer ;  e^  Brooke  and  Levy. 
^  =  10°  64',  in  Calcite  0  :^  71'"  39'. 

The  form  5  PJJ,  or  3  R^»  Naumann ;  10  2  6  Miller ;  d^  d\  iA  Brooke  and  Ixsvy. 
^  =  10°  54',  in  Quartz  a  =  80°  15'. 

The  form  \  Pff,  or  RI»  Naumann;  11  0  3  Miller;  rfV  Brooke  and  I-evy. 
^  =  11°  44',  in  Calcite  a  =  67°  35'. 

The  form  —  |  Pf ,  or  —  }  RI»  Naumann;  4*  3  5  Miller;  A  rfl  ftl  Brooke  and 
Levy.    ^=12°  IS',  in  Calcite  a  =  63^  39'. 

The  form  —  ^  P  }  or  —  J  R«  Naumann;  U  14  2  Miller ;  h^  h^  k^  Brooko  and 
Levy.    ^  =  13°  64'  in  Quartz  a  =  26'  58'. 

The  form  f  P  t,  or  I  R^  Naumann ;  410Miller;  ^  Brooke  and  Levy.  ^=13' 54' 
ia  Caloite  a  =  35°  26*  and  Pyraigyrite  a  =  83°  16'. 

Theform2Pf,orB*NMim«nn;  3  0  1  MiUer;  <f^  Brooke  and  Levy.  ^=13' 54' 
in  Calcite  a  ss  60°  39',  Dioptase  a  =  65°  33',  Hematite  6  =:  46'*  4',  Phonakite 
a  =  53°  37',  and  Tourmaline  6  =  42°  69'. 

The  form  —  2  P  J,  or  —  R'  Naumann ;  7  4  5  MiUcr ;  A  A  bi  Brooke  and  Levy. 
^  =  13*  64',  in  Dioptase  6  =  66°  33'. 

The  form  4  P  |,  or  2B?  Naumann;  8  14  Miller ;  rf>  rfl  i*  Brooke  and  Levy. 
^  ±=  13»  64'  in  Quartz  a  =  77*  41'. 

The  form  —  4  P  |,  or  —  2  R'  Naumann;  2  12  Miller;  ei  Brooke  and  Levy. 
4»  =  13"  54',  in  Calcite  9  =:  74*  18',  Phenakite  a  =  7«r  C,  Quartz  a  =  77*  41',  and 
Tourmaline  6  =  61°  47'. 

Thefonn-*  V^  V^O'-'-'f^^  ^*^^>um;  i6  178MiUer;  fT^  <{^  &xV  Biookc  and 
Levy.     ^  =  15°  18',  in  Quartz  a  =  76°  31'. 

Hie  form  f  P),  or  J  Rl  Kaumann ;  1 6  1  MiUer;  i^  Brooke  and  Levy.  ^  £=  16°  6', 
in  Apatite  a  =  56°  44'. 
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The  Ibm  —  f  P  f,  or  —  |  R^  Kaumann ;  8  5  2  Miller;  ^4^b^  Brooke  and 
Leyy.    ^=16'  6',  in  Apatite  »  =s  66'  44'. 

The  forat  —  ^  P  |,  or  ^  f  R^  Naumann ;  6  6  9  Miller ;  e.  Brooke  and  Levy. 

4»  ==  16°  6',  in  Calcite  9  =  53*  52'. 

The  form  ^  P  i,  or  R^  Naumann ;  0  5  2  Miller ;  d^  Brooke  and  Levy.    ^  =  16°  G', 
in  Apatite  9  =  TS**  (K,  and  Calcite  0  =  64"  2'. 
I        The  Ibrm  —  ^  P  ^,  or  —  R^  Naumann ;  8  4  2  Miller ;  J^  ^  b^  Brooke  and  Levy. 

^  =  16^  6',  in  Apatite  «=  75°  (T  and  Calcite  B  =.  64°  2'. 
;        The  fonn  —  y  P  y,  or—  f  R^  Naunyum;  14  16  7  Miller;  rfArf^^A  Brooke 
and  Levy.    ^=  17°  C,  inQuartx  »=  76*  7*. 

The  fiNrm  —  fPiyor  —  ^R3  Naunnn;  0  2  3  Miller;  b^  Brooke  and  Levy. 
p  =  19«  6',  in  Calcite  «  =  27°  34'. 

The  form  J  P  f,  or  i  R3  Naumann ;  SlOMiller;  ^  Brooke  and  Levy.  ^=19°6', 
in  Calcite  9  =  33°  8',  Phenakite  0  ==  26°  45',  Proustite  9  =  31°  32',  and  Pyrargyrite  9 
=  3r  2*. 

The  form  f  P  |,  or  }  R'  Naumann ;  5  1  1  Miller ;  e^  Brooke  and  Levy.  ^  =  19°  6', 
m  Conrndum  9  =:  59°  1',  Hematite  0  =  58*  57%  and  Pyrargyrite  9  =  43°  55'. 

The  form  f  P  4,  or  —  J  R'  Naumann;  T  1  2  Miller;  e^  Brooke  and  Levy. 
^  =  19^  6',  in  Calcite  9  z=l  52°  83',  Dioptaae  9  =  58°  18',  Hematite  9  s  64^  17', 
Phenakite  9  =  45'  14',  Pyrargyrite  50°  17',  and  Tourmaline  9  =  84°  22'.     . 

The  form  V  P  |»  or  ^  R^  Naumann ;  11 1  4  Miller  \  d^di^  b^  Brooke  and  Levy. 
^  =  19°  6',  in  Pyrargyrite  9  =  56'  24'. 

The  form  —  V  ^  l>  <>f  ~  I  ^^  Naumann;  5  3  7  MUler ;  ^  ^^  b^  Brooke  and 
Levy.     ^  =  19°  6',  in  Calcite  9  =  64°  25'. 

The  form  3  P  f ,  or  R'  Naumann;  2  0  fMiller;  dr  Brooke  and  Levy,  ^zsz  19'  6% 
in  Calcite  9  =  69°  2',  Chalybite  9  =  58°  35',  Dolomite  9  =  68°  32',  Eudialyte  9  =  81°  11', 
Hematite  9  =  76°  28',  Phenakite  9  =  63°  38',  Proustite  9  =  eV  50',  Pyrargyrite 
9  =  67^  27*,  «nd  Tourmaline  #  rr  58°  49*.  Calcite  has  an  imperDect  cleavage  parallel 
to  this  form. 

The  ierm  -«  3  P  !>  or  ^  R>  Namnann ;  4  2  5  Miller;  d^  di  b^  Brooke  and  Levy. 
^  =  19°  6',  in  Calcite  9  =  69°  2'  and  Quartz  9  =  73°  26'. 

The  fern  V  P  ),  or  {  R>  Naumann ;  15  1  9  Miller;  i^d^h^  Brooke  and  Levy. 
4>  =  19°  6',  in  Calcite^  =  76°  32'. 

The  fbna  — 6P|,  or  —2  R^  Kaumann;  8  I  SMiBor;  #i  Brooke  and  Levy. 
^  ss  19-  6',  in  Calcite  9  =  79'  9',  Hematite  fl  =  SS*  8',  and  Pyrargyrite  0  =  78*  16'. 

Tfce  form  V  P  V>  <«  ^^^  Naumann;  7  0  4  Miller;  d*  Brooke  and  Levy. 
^  s  19P  O*,  in  Calcite  e=  72°  80. 

The  form  —  2P|,or  —  ^R«  Naumann;  3  2  5  Miller;  t^  d^  bi  Brooke  and 
Levy.     ^  =  19°  6*,  in  Calcite  0  =  69°  55'. 

Thefocm--|  Pf,  or  — }R« Neumann;  10  14  6 Miller;  d^ dl i^  BTOoko  and 
Levy,    f  =:Sl°4r,inQiiarti#=:71°2r. 

The  form  4  P  J,  or  R«  Naumann ;  6  0  8  Miller ;  d*  Brooke  and  Levy.  ^  =  21*  4r, 
ia  Oakite  rr=  7r  51. 
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Tkeformi^Pl,  or^R^Naumann;  41  1  Miller ;  «4  Brooke  and  Levy.  ^  =  23'' 25', 
in  Comndam  $  =  59**  45',  Emerald  e  =  47''  24',  and  Hematite  e  =  59"  41'. 

"  Theform  — jPf,or  — jR»Naumann;  61l4Miller;  rfl  <f^  *i  Brooke  and  Lctv. 
^  =  23''  25',  in  Emerald  9  =  47^  24'. 

The  form  —  y  P  |,  or  —  J  ^*  Naumonn ;  3  3  7  Miller ;  ei  Brooke  and  Levy- 
<p  =  23^  25',  in  Calcite  B  =  50"  52*. 

The  form  f  P  i,  or  J  R*  Naumann ;  4  11  2  Miller;  rf?  d^  bi  Brooke  and  Levy. 
<p  =  23'  25',  in  Qnartz  e  =  61**  33'. 

The  form  —  {  P  f ,  or  —  i  R'  Naumann ;  2  1  3  Miller ;  d^  di  b^  Brooke  and  Levy. 
<^  =  23'*  25',  in  Calcite  0  =  65°  4',  and  Hematite  0  =  73"*  42'. 

The  form  5  P  {,  or  R^  Naumann ;  3  0  2  Miller ;  di  Brooke  and  Levy.  ^  =  23''  25', 
in  Calcite  e  =  76^  6o\  Emerald  6  =  77'  3',  Proustite  6  =  76*  7',  Pyrargyrite 
0  =  75"  51',  and  Tourmaline  0  =  66°  4'. 

The  form  —  5  P  f ,  or  —  R*  Naumann;  2  8  7  Miller;  ifi  A  b^  Brooke  and  Levj. 
<p  =  23°  25',  in  Emerald  0  =  77°  3'. 

Thefonn— VI*  V>  or  — JR*  Naumann;  14  22  7  MiUer;  rfA  <ri^  i A  Brooke  and 
Levy.    i>  =s  24°  30',  in  Quartz  0  =  69°  20*. 

The  form  ^  P  }  or  -^  R^  Naumann ;  7  3  0  MiUer ;  b^  Brooke  and  Levy. 
^  =  26°  17',  in  Calcite  0  =  37°  37'. 

The  form  —  J  P  J,  or  —  ^  R'  Naumann;  2  2  5  Miller;  e^  Brooke  and  Levy. 

4>  =  25°  17',  in  Calcite  0  =  57°  1'. 

The  form  }  P  ^t  or  }  R'  Naumann ;  5  1  2  Miller ;  d^  A  b*  Brooke  and  Levy. 
<p  =s  25°  17',  in  Pyrargyrite  0  =  54°  9'. 

The  form  7  P  J,  or  R'  Naumann ;  4  0  3  MiUer ;  di  Brooke  and  Levy.  ^=  25°  IT 
in  Calcite  0  =s  82*'  36',  and  Pyrargyrite  0  =  79°  46'. 

Theform-f  Pf,  or  —  }  R*  Naumann;  5  1  iMtller;  cH  i^V  ^t  Brooke  and  Levy. 
<^  =  26°  20*,  in  Dolomite  0  =  74°  58'. 

The  form  9  P  f ,  or  R*  Naumann ;  5  0  4  Miller ;  tfi  Brooke  and  Levy.  ^  =  26^  20*. 
in  Calcite  0  =  82°  3b'. 

The  form  11  P  V>  <»  A"  Naumann;  6  0  5  Miller;  d^  Brooke  and  Levy 
if,  sz  27°  0',  in  Calcite  0  =  83°  56'. 

The  form  12  P  {|,  or  R^^  Naumann;  1  3  0  fl  Miller;  d^i  Brooke  and  Levy. 
^  =  2r  15',  in  Calcite  0  =  84°  26'. 

Othetformi  derived  from  the  Double  Twelve-faced  Pyramid.— It  the  faces  of  the  upper 
pyramid,  whose  poles  are  marked  by  Tj  Vj  T,  V3  T,  and  V5  (Fig.  255),  are  produced  to 
meet  the  coiresponding  faces  of  the  lower  pyramid ;  the  resulting  fonn  will  be  a  double 
txx'faeed  pyramid  similar  in  form,  but  different  in  position  to  the  double  six-faced 
pyramids  derived  from  those  of  the  first  and  second  order.  The  remaining  twelve  faces 
being  produced  to  meet  each  other  will  produce  a  similar  double  eix-faeed pyramid. 

From  these  double  tix-faeed  pyramid»f  rhomboide  and  double  three-faeed  pyrawude  may 
be  produced  by  producing  half  their  &oe8  to  meet  each  other. 

If  the  alternate  faces  of  the  upper  pyramid,  whose  polef  are  Ti  Vj  T,  V,  T5  and  V, 
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(Fig.  266) f  he  produced  to  meet  the  £sus6s  of  the  lower  pyramid  corresponding  to  Vs  Tn 
V,  T4  Vf  and  T«,  the  resulting  figure  vUl  be  a  double  six-faeed  irapezohedron. 

Half  the  faces  of  this  trapezohedron,  namely  those  corresponding  to  T^  T,  and  T^, 
for  the  upper  pyramid,  and  T,  T4  and  T^  for  the  lower,  when  produced  to  meet  will 
form  a  imibU  thrte-faetd  traptgohedron.  This  figure  may  also  be  formed  by  producing 
the  alternate  ftcea  of  the  upper  part  of  the  scalenohedron  to  meet  the  alternate  faces  of 
the  lower  scalenohedron  which  do  not  correspond  to  them. 

The  double  three-faced  irapezohedron  may  be  regarded  as  a  hemihedral  form  of  either  * 
the  douNe  ew-faeed  trapetohedron  or  the  hexagonal  eeaUnohedron^  and  consequently  a 
tetartohedral  form  of  the  double  twdre-faoed  pyramid.    The  forms  of  quartz  giyen 
under  the  head  of  scalenohedrons,  generally  present  in  their  combinations  this  species 
of  the  tetartohedral  forms. 

VRUXCtPAL  COMBINATIONS  OF  THE  BKOXBOHBDSAL  SYSTEM. 

Fig.  286.  Combination  of  the  dotible  six-faeed  pyramid  of  the  second  order^  with  the 
hexagonal  prism  of  the  second  order,    a,  fkces  of  the  negatiyo  rhomboid  —  R  Naumann, 
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Fig.  2S6. 


Hg.  287. 


Fig.  288. 


12  2  Hiller,  es  Brooke  and  Levy,  h,  faces  of  the  negative  rhomboid  R  Kaumann, 
10  0  MOler,  and  P  Brooke  and  Levy,  e,  &ces  of  the  hexagonal  prism  of  the  second 
order,  oo  P  Naumann,  2  11  Miller,  and  e^  Brooke  and  Levy. 

Fig.  287.  Combination  of  the  double  six-faeed  pyramid  of  the  second  order  with  tho 
hexagonal  priem  of  the  first  order,  a,  faces  of  the  negative  rhomboid,  b,  faces  of  the 
positive  rhomboid,  e,  faces  of  the  hexagonal  prism  of  the  first  order,  00  P  2  Naumann, 
Oil  Miller,  and  d^  Brooko  and  Levy. 

Fig.  288.  Combination  of  the  hexagonal  prism  of  the  second  order  with  the  double 
six-faced  pyramid  of  the  second  order.  0,  fSaices  of  negatiye  rhomboid.  ^,  faces  of 
podtive  rhomboid,    e,  faces  of  hexagonal  prism  of  the  second  order. 

Fig.  289.  Combination  of  two  poaitive  rhomboids,  r,  faces  of  the  rhomboid  whoso 
symbols  are  R  Naumann,  10  0  Miller,  and  P  Brooke  and  Levy.  «,  &ces  of  tho 
rhomboid  whose  symbols  are  2  R  Naumann,  5  11  Miller,  0*  Brooke  and  Levy. 

Fig.  290.  Combination  of  a  positive  and  negative  rhomboid,  r,  faces  of  the 
rhomboid  2  R  Naumann,  5  11  Miller,  t^  Brooke  and  Levy.  «,  fiices  of  the  rhomboid 
—  R  Naumann,  12  2  Miller,  ^  Brooke  and  Levy. 
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Fig.  291.  Oomhi&ttioii  of  «  ■oleaokednm  and  rhomboid,    r,  horn  of  tlia  rinmbcnd 


r\g.  2S9. 


Fi«.290. 


Flg.»l. 


R  Naumana,  10  0  Miller,  P  Brooke  nd  Levy,     t,  fleices  of  the  sealnoliodioii,  R' 
Kcnmaim,  2  0  F  Killer,  tP  Brooke  aixd  Lory, 

Fig.  292.  Oombination  of  the  positire  rhomboid  with  the  heamgonal  prism  of  the 
fint  order,    r,  faces  of  the  rhomboid.    ^  faoei  of  the  prism.       ._ 


Fig.  292. 


FIg.SM. 


Fiff.SN. 


Fig.  293.  Combination  of  a  poaitiTe  soaleaohodron  with  the  hexagoaal  priam  of  the 
second  order,    t,  faces  of  scalenohedron.    c,  faces  of  prism. 

Fig.  294.  Combination  of  a  positive  scalcnohedron  with  the  hexagonal  prism  of  the 
fijst  order,    ty  faces  of  scalcnohedron.    e,  faces  of  prism. 

Fig.  295.  Combination  of  hexagonal  prism  of  the  second  order  with  positiye 
rhomboid,    r,  faces  of  prism.    -R,  faces  of  rhomboid. 
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4X5 


«,ftoes  of  prism..  B,  fiw«i  ol  dmaboid. 


^ 


Rg.  295.  Fig.  296.  Fig.  S97. 

Fig.  297.  C<Hnplex  combination  of  fonna  in  a  crystal  of  Berjl. 

fiiy  face  of  basal  pinacoid,  0  F  Nauumn,  111  Miller,  a^  Brooke  and  Levy. 

Py  faces  of  the  doable  six-faced  pyramid  P  Naumann ;  or  Ucea  of  the  rhomboid  B 
Naumann,  10  0  Miller,  P  Brooke  and  Levy,  and  the  rhomboid  —  E  Kaunuum,  T2  2 
Miller,  e^  Bcooike  and  Lsry. 

ir,  facet  of  thodoabfa  liz-flKod  pyramid  3  P  Nsnmtna ;  or  iiMea  of  tiM-itenboid 
2  R  Na»DftBB»  511  Mifler,  «*BioQke  and  Levy,  and  of  the  xhonboid  ^  2  B  Nanmann, 
1 1 1  Miliar,  0^  Bioake  and  Leyy. 

J,  &oea  of  the  doable  six-faced  pyramid  2  P  2  Naonuum,  14  2  Millor,  4^  ^  b^ 
Brooke  and  Levy. 

Vj  faces  of  the  scalenohedron  B'  Naumann,  2  0 1  MiUer,  d^  Brooke  and  Levy. 

z,  £icefi  of  the  scalenohedron  —  B^  Kaomann,  4  2  5  MiUer,  A  d^  bi  Brooke  and 
Levy. 

s  and  V,  to^etheri  glTing  tho  faces  of  the  double  tweLTO»&ced  pyramid  3  P  | 
Kaunann. 

M,  fiices  of  the  hexagonal  prism  ae  P  Kaumann,  2  11  Miller,  fi  Brooke  and  Levy. 

Fig.  298.  Complex  combination  of  forms  in  a  crystal  of  Apatite 

P,  face  of  basal  pinaooid,  0  P  Naumann,  111  MiUer,  a>  Brooke  and  Levy. 

M,  faces  of  tho  hexagonal  prisms,  oo  P  Naumann,  2  11  Miller,  ^  Brooke  and 
Lery.  _ 

ey  £h)SS  of  the  hezagooal  prism,  qd  P  2  Naumaui,  Oil  Miller,  d^  Brooke  and 
I^vy. 

«,  faeeoof  the  pyramid,  P2  NanmaDD,  5  21  Miller,  d^  ^  h^  Brooke  and  Lery. 

Sj  fiuws  of  the  pyramid,  2  P  2  Naumann,  14  2  MiUer,  d*  d^  M  Brooke  and  Lery. 

df  faces  of  the  pyramid,  4  P  2  Naumann,  17  5  Miller,  d^  (P'  b^  Brooke  and  Levy. 
ST,  faces  of  the  pyramid,  P  Naumann ;  or  of  the  rhomboids,  B  Naumann,  100  Miller, 
r  Brooke  and  Lory;  and  —  B  Naumann,  12  2  MiUer,  c»  Brooke  and  Levy. 
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9f  faces  of  the  pyramid,  2  P  Naumann ;  or  of  the  rhomboidB,  2  B  Naumann,  5  11 
Miller,  0*  Brooke  and  Levy ;  and  of  —  '2  B  Naumann,  111  Miller,  ^ ^  Brooke  and 
Levy. 

r,  feces  of  the  pyramid,  |  P  Naumann ;  or  of  the  rhomboids,  |  B  Naumann,  4  1  1 
Miller,  a*  Brooke  and  Levy ;  and  of  —  |  B  Naumann,  Oil  Miller,  and  b^  Brooke  and 
Levy. 


Pig.  298. 


Fiff.  299. 


^g.  800. 


Fig.  299.  Complex  combination  of  forms  in  a  crystal  of  calcareous  spar. 
P,  faces  of  the  rhomboid,  B  Naumann,  10  0  Miller,  P  Brooke  and  Levy, 
m,  fiGiees  of  the  rhomboid,  4  B  Naumann,  3 11  Miller,  ^  Brooke  and  Levy, 
y,  faces  of  the  scalenohedron,  B^  Naumann,  3  0  2  Miller,  efi  Brooke  and  Levy, 
r,  faces  of  the  scalenohedron,  B^  Naumann,  2  0  T  Miller,  d*  Brooke  and  Lery, 

Zy  faces  of  the  scalenohedron,  §  B^  Naumann,  15  T  9   Miller,  d^  ^  h'^  Brooke 
and  Levy. 

Cy  faces  of  the  hexagonal  prism,  oo  P  Naumann,  2  f  1  Miller;  ^  Brooke  and  Levy. 

Fig.  300.  Complex  combination  of  forms  in  a  crystal  of  quartz. 

P,  faces  of  the  pyramid,  P  Naumann ;  or  of  the  rhomboids,  B  Naumann,  10  0 

Miller,  P  Brooke  and  Levy ;  and  —  B  Naumann,  12  2  Miller,  ^  Brooke  and  Levy. 
by  faces  of  the  pyramid,  f  P  Naumann ;    or  of  the  rhomboids,  f  B  Naumann, 

13  2  2  Miller,  t^  Brooke  and  Levy ;  and  —  f  B  Naumann,  7  8  8  Miller,  ek  Brooke 
and  Levy. 

m  faces  of  the  pyramid,  3  P  Naumann ;  or  of  the  rhomboids,  3  B  Nanmann, 

7  2  2  Miller,  e*  Brooke  and  Levy ;  and  —  3  B  Naumann,  5  4  4  Miller,  e^  Brooke  and 
Levy. 

a  fsjD&A  of  the  pyramid,  4  P  Naumann ;  or  of  the  rhomboids,  4  B  Naumann,  3  i  1 

Miller,  ^  Brooke  and  Levy,  and  —  4  B  Naumann,    7  5  5  MiUer,    e^  Brooke  and 
Levy. 

t  faces  of  a  double  three-faced  pyramid  derived  from  the  double  six-faced  pyramid, 

2  P  2  Naumann,  14  2  Miller,  d^  d^  b^  Brooke  and  Levy. 
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0  &oei  of  the  double  three-fiieed  trapesohodron  dcrired  firom  the  Boaleaohedron 

—  'B?  Nannumn,  4  2  6  Miller,  tf >  d^  b^  Brooke  tnd  L&vj, 

s  &oe8  of  the  doable  three*fiued  trtpesohedion  deriyed  from  the  scalenohedron  2  B' 

Kaomaxm,  8  \i  Miller,  <r  A  b^  Brooke  and  Levy. 

^  fiMee  of  the  tnpezohedron  3  B^  Nanmaim,  10  2  o  Miller,  d^  d^  b'i^  Brooke 
ud  Levy. 

•  fiMsee  of  the  trapesohodron  4  B^  Naumazm,  4  12  Miller,  d^  d^  b*  Brooke  and 
Lery. 

V  faoes  of  the  trapesohodron  6  B^  Nanmann,  16  5  8  Miller,  di  d^  b^  Brooke  and 
Lovy- 

r  faces  of  the  hexagonal  prism  oo  P  Naumann,  2  1 1  MiUcr,  r^  Brooke  and 
Levy. 

if  faces  of  tho  dihezagonal  prism  oo  P  |  Naumann,  61  ^  Miller,  d^  Ab^  Brooke 
and  Levy. 

FOU&TH  SYSTEM — ^PRISMATIC  OA  ILHOMBIC. 

This  sjrstem  is  called  the  Pritmatic  or  Rhombicy  as  its  forms  may  bo  derived  cither 
from  the  prism,  or  octahedron  on  a  rhombic  base.  It  has  also  been  called  the  orthotype 
and  the  ont  and  one  axkU  system. 

The  kolohedral  form*  of  this  system  are  a  right  priam  on  a  netangvilar  baa,  three 
kinds  or  orders  of  right  pritnu  on  a  rhombic  baatf  and  the  doubh  fow-faeed  piframid  on 
a  rhombic  ba$$.  The  hemihedral  form  is  the  rhombic  iphenoid  derived  from  the  doublo 
Ibur-ikoed  pyramid* 


A^haiotieai  list  ofMineralt  hhnging  to  the  Pritmatio  Sytttm,  with  the  Angular  Eiemente 
from  ichieh  their  luteal  Forme  and  Axee  may  be  derived. 


htw^jvSXie 


Amblvgonite 

Andahnite 

Aagterite  (mliihAte  of  lead) . 


Aatioionite  •  • 

Aiagonite  (earbonale  of  lime) 
Baryte  (ealphate  of  taarytet) 
Blanutbine  • 


Brodiantite 

BrooUte  . 

CUedonite  (eupreoos  mdpliato- 

earbonate  of  lead) 
Cdeatioe  (snlpbate  of  Btraiitia&) 
Ocmadte  (earbooate  of  lead) 
ChOdieiiite 


Ouyeuberyl 
Gubptouite 
Oordlerite 


Orndita  •  •  • 

Dathcjtte. 

IMaapore  •  •  • 

Dofi-enite  (pboephate  of  iron) 


■paomitB  (solphste  of  magneela) 


80»«^;    86»27* 
Unknown. 

W>\V\  52oiy 

80°   (T;  STAy 

44°  87';  45°  8e' 

SPSS';  85° 47' 

30°  IC;  52<»42' 

44°  SC;  Unkn. 

48°  IV;  41°  58' 

87°  Sy;  14°   4' 

40°   y;  43°  2? 

42' SC;    54°  31' 
87*59';    52°   4' 
81°  28';    85°  52' 
84°   8*;    82°  44* 
Unknown. 
25°  II';    80°  V 
Unknown. 
80' 2y;    fSPW 
40°  r;    2e°88' 
Unknown. 
88°  22';    26°  84' 

48°  4t\  ypw 

Unknown. 
22°  2y:    18°  ly 
44>4S';    280  4.r 
81°  2^;    4«°  4' 


Endnophite  • 

Fayallte  . 

FloeUite  . 

Gad<doinite 

Olaeerite  (sulphate  of  potash) 

Glaucodote 

Goslarite  (sulphate  of  sine) . 

Gothite    . 

Haidin«erite 

Harmotome 

Uerderlte 

llvaite     . 

Juineaonite 

Karstenite  (anbydrons  solphato 

of  lime) 
Leadhimte  (salphato-earbonate 

of  lead) 


liroconite  (oetuhedral  arseniate 

of  copper) 
Loffanite  . 
LoUngfite . 
Manginite 
Marcaaita 

Maacagnine  (solph.  of  ammonia) 
Mendiplte 

Mengite   .  •  • 

Mesotjpe . 
Miaplekel 
Montiecmta 


Unknown. 

42°  40';  49°  11' 

87°  35';  81°  58' 

80°  15';  50°  SC 

29°  48*;  86°  44' 
Unknown. 

44°  89';  29°  58' 

42>84';  31°  ly 

40°   0';  26°  31' 

44°   7';  34»4;' 

82^    y;  28°    V 

84^24';  24°  31' 

89°  20';  Unkn. 

41°  42*;  44°  2y 

29' SO";  51°  87' 

43°  Sy;  85°   4' 

80=20';  88»2y 
Unknown. 

28°  47';  41°  ly 

40°  ly;  28«8y 

86°  57';  49°  Sy 

29°  2y;  86°  ly 
Unknown. 

21°  sy;  19«»I4' 

44°  8y;  19°  24' 

34°   y;  49°  sy 

41«   y;  48°  4y 


INORGANIC  NATURE.— No.  XIV. 


2a 


Digitized  by  LjOOQiC 


418 


9HB  RIGHT  RlCTAMOVLAB  rUBM. 


Mitre  (nltnte  of  potaah)      . 
OliTenite  (right  prismatic  ar- 

aeniateofoooper} 
OUTlne    .  . 

Orpiment 
Patrinitc . 
PhiUipslte 
Plerosimiiie 
Polianito  . 
PolyhaUte 
Folykrase 
Polymlgnyie 
Porsellanspath 
Prehnite  . 

PjTOlUBte 

Pyrophrllite 

Bcdrutbite 

Bemolinite  (mnriate  of  oopper) 

BxMeUte   .  .  . 

Samar&kite 

Sohulzite 

Soorodite  (martial  arsaniato 

of  copper) 
8mith0onlte  (ailiceoas  oxide 

of  Einc}  . 


80«85';    85'   1' 

43'' 45*;  Sip  35' 
4»>58';  45»Sr 
S(P  y;  33<»  (y 
Unknown. 

44024..     340  5gr 

430  81';  31"  C 
Unknown. 

85»   7';    81»24r 
Unknown. 
40*   y;    40»   y 
43»10';    20»   V 
Unknown. 
30' ly;    44»   8* 

3y5(yi  »7»i(r 
2y>fser;  8i«>5i' 

89»40';  41°  Iff 
Unknown. 

40°  6^;    43' 39* 

ii"   8';    25' 4^ 


StannUtft 

Stepbanite 

Stanbergite 

StUbite    . 

BtrantlanHv  rearbonate  of 

strontianj 
Btromeyerita 
StruTite   . 
Bolphnr    . 
Sylvanite . 
Tantalita  . 

Theoardita  (aahihate  of  aoda) 
Thermonatrite  (priamatSo  car- 

bonate  of  soda) 
Topaa 
TripUta  (phoapbale  of  man- 

ganese) 
TyroUte   . 
Yalentinita 
WttTellite 

Witherite  (carbonate  of  barytea) 
weichite . 

'Wolfram  (tnngetate  of  iron) . . 
Wolfsbergite 
Zinckenite 
Zwiselite  . 


w»i^  4r  or 

4»'52';    ZT>  4' 


8a»2l'; 

280  85': 
a9»  1'; 

89'  )4'| 

20»   1'; 
27«50'; 


44»  9 

Si' 34' 

e2«iar 

$3°  e 
2apw 

4^81' 


Unknown. 
UnknowiL 
21"  Sr;    M»44' 
26' 47';    20°  8* 
80' 4y;   -«•» 
Unknown. 
S9»   7;    40>4G' 
22^24';    Uakn. 
29' 40^;    8'   W 
Unknown. 


H* ,  to. 


The  Ught  ]itecUng«lmx  FiUm.— The  right  lectangulnr  pziam,  or  the  right 
prism  on  a  rectangular  baae,  is  a  solid  form  hmindej 
by  six  faces ;  these  faces  are  all  rectangular  paral- 
lelograms, and  equal  to  each  other  in  pain ;  thus 
(Fig.  301),  the  face  B^  B5  B^  B4  is  equal  to  the 
face  B,  B«  Bf  B„  B^  B.  B«  B»  to  B4  B,  B,  B.^  and 
Bi  B,  B3  B4  to  B«  Be  B^  B,. 

Modem  writers  consider  this  prism  as  a  com- 
bination of  three  open  forms,  each  form  ooimigting 
of  a  pair  of  parallel  fues ;  the  bases  of  the  prism 
are  then  called  the  batal  pinaeoidsy  the  wider  sides 
macro-pmaeoidSf  and  the  namwcr  bracfty-pmoMitU, 

Ax$a  of  th9  Rifkt  Reetangtdar  Fritm  and  tM» 
Vriamatie  3ysUm,-^om  B^  B,  and  B|  B4,  cutting 
each  other  in  P^,  also  B«  B^-and  Bs  B,,  cutting  each 
other  ia  F,.  Bisect  B^  B^,  B,  B|^  B,  B7,  and  B4  Bg 
in  the  points  H^,  Mjy  ^3  snd'M^.  Join  Hi  M^ 
MsM^MjK^^andMfMp  Bisect  M,  M,  and  M,  X( 
in  the  points  Gi  and  Gj,  and  M|  M^  and  H,  H,  in 
H|  and  H,.  Join  Fj  P^,  H,  H,,  and  Oj  6^  ontting 
each  other  in  C.  The  three  lines  P^  F,,  Hi  H2,  and  Gj  G^  which  are  at  rijj^t 
angles  to  each  other,  are  the  ttxn  of  the  rectangular  prism^  and  also  of  tite 
vrismattc  si/aUm,  P^  P,  is  called  the  principal  axis,  and .  H^  H,  and  G,  G^  tfao 
secondary  axes.    • 

Vai«meten« — ^The  'semi-ajCes  CP|,  CGi,  and  OGi,  arq  the  paramefen  of  the 
prismatic  system ;  the  length  of  CG^  is  perfectly  arbitrary,  but  its  length  once  chosen, 
the  lengths  of  CP^  and  CH|  depend  upon  the  angular  elements  alreac^  given!  Ibr  each 
mineral  belonging  to  the  system.  > 

To  determine  CPj  an^  CHi  draw  CG  (Fig.  302}  of  any  eaanaknt  kngO^  as  the 
tjrbihary  unit  of  the  system  of  axes.  •  • 
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Fig.  801. 
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tew  GP  pcrpndieiiLur  fo6C.    Lei  «be  tte  ongUgiTaiiliiteflnt,  wd^dw 

fiTon  ixL  th^  aec(nd  odfanm  of  tii8  ang^kr  dflmota. 
Biaw  HG  making  the  angle  a,  and  PG  making  tKe  •*g^i?  B, 
withGC. 

let H and  Pbe  the  pointa  where  GH  and  GP  meet  the  per- 
pendienlar  OP. 

ForAeaflfayniteythe  aag^  OGH  ia  26°  2(r,  and  the  an^eCOP 
Z^W;  for  Alalonite,  the  angle  CGH  is  30^34',  and  the  angle  CGP 
36''  28^ ;  floid  ao  on  for  the  other  subataoeea  belonging  to  the 
prismatie  ^fatem. 

TheHaea  0G»  CH,  and  GP,  thus  detennined,  are  the  panmetefs 
of  the  priamatio  system;  it  appean,  therefore,  that  the  uxm  of 
this  system  are  r$eUmfftilar,  and  ifai  three  param^ien  all  unequal  to 
each  other. 

To^rmuf  theHight  ReoUrngviUtr  FrUm — Draw  B,  B5  (Fig.  801)  equal  to  twice  GO 
(Fig.  302).    Through  B,  draw  B,  B7,  making  an  angle  of  about  30',  with  Bg  B.. 

MakeB8B^eqiMatoCH{Fig.ae2).  Tkroa^h  B,  draw  B»  Bg  equal  and  paraflel  to 
BsBt;  joinB,B,. 

Through  Bj  draw  Bg  B^  perpendicular  to  B,  B^  and  equal  to  twice  CP  (Fig.  302). 

Through  B|»  Bg  and  B,  draw  B.  B^,  B,  B^  and  B^  B3  parallel  and  equal  to  B,  B.. 

Join  the  points  Bj  B,  B,  and  B4,  and  the  prism  will  be  represented  in  perspeetiye. 

^y«Jo&.— Each  face  of  the  rectangular  prism  cuts  one  of  the  three  axes  at  a  dis- 
tance from  C  (Fig.  301),  the  centre  of  the  axes,  equal  to  the  length  of  one  of  the 
parameters,  and  is  parallel  to  the  other  two  axes. 

The  two  &iMrf  jWMumtfi,  or  extremitiei  of  the  prim  Bi  B,  B,  B^  and  B5  Bj  B,  B„ 
cut  the  axis  P»  P,  in  the  points  Pj  and  P„  and  are  parallel  to  the  axes  Gj  G,  and  H,  H,. 
'rhe  symbol  which  repreasnta  the  relation  of  these  facet  of  the  prism  to  the  axes 
is  GO  00  1. 

Naumasn's  symbol  is  OP;  Miller's  0  0  1;  Brooke  and  Lery'a  modifleation  of 
Haiiy  is  P,  when  they  regard  the  right  riMunhie  prism  -aa  the  primitive  form  of  the 
crystal. 

The  two  macro-pmaeoicU,  or  broader  aidfls  of  the  prism,  Bj  B4  Bg  B,  and  Bg  B,  B,  B^ 

cut  the  axis  H,  H,  in  the  points  Hi  and  H,,  and 
are  parallel  to  the  axes  P^  P,  and  G,  G,.  The 
symbol  representing  this  relation  is  00 1  00 . 

Naumann's  symbol  is  00  P  00 ,  Miller's  010, 
Brooke  and  Levy's  H. 

The  two  braohjf'piimeoidij  or  nanower  aides 
of  the  prism,  B^  B,  Be  B«  and  B4  B^  B7  Bg,  cut 
the  axis  Gj  G^  in  the  points  Gj  and  G,,  and  are 
parallel  to  the  axes  Hj  Hj  and  P,  P^.  The 
symbol  representing  this  relation  is  1  ao  00. 
Naumann's  symbol  is  00  P  00 ,  MiUei^s  10  0, 
Bixx^e  and  Lory's  G. 

I •  IV  fhienbe  a  it€i  fir  the  Right  JSeciatiffular 

^'  I*rianu  —  Take  two  parallelograma   equal   to 

S|  B4  Ba^'Bs  0?!g.  301),  to  tepreaent  the  maero  ^tuteoids,  two  others  equal  in.  length  to 
these,  but  with  a  breadth  equal  to  twice  CH  (Fig.  302)  for  the  hraeAy'pmaooids,  and  two 
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IMXvllelograms  eaoh  twice  60  (Fig.  802)  in  breadth,  md  twice  GH  in  length  fbr  the 

iznnge  theee  lix 

Fig.  808,  and  the 

reqnind  net  will 

Cr^gtaU  tf  thifdOomng  min^rdU  haw  Facet  parallel  to  tko  Basal  Puiacoide  oo  ao  1. 

0  P  Naumann, 

0  0  1  MiUer,  P  Brooke  and  Leyy 

^» 

AeMhynlta 

OomBtonite 
GonUerite 

IlTaite                   OUTiae 

Strontiaaite 

AiMiaiwif 

Jameuaite            Polybalite 

Stromeyerite 

▲nglMite 
AntlmoiuUber 

Ootannito 
CryoUte 

Karatenite             Polrmisnite 
LeadUlUta             Prehnite 

Bnlphnr 
SataUte 

AttUinaiiite 

DathoUte 

Aragoaite 

Diaepore 

Thaaaidlta 

Baryta 

Eoehrolte 

Maataaite             BoeeUte 

Thermonatrite 

Vareaaite               Bcorodite 

Tbpas 

Boonumito 

FkyaUte 

Vaaoagnine           Smithaonite 

l^rroUta 

Withertta 

BrooUte 

FloelUte 

Mendipite              Btanrolite 
Xiniekel                Stephanite 
Nlobite                  Sternbergite 

Oaledanito 

VSlohite 

Oelealiiia 

Glaaerite 

Wolfram 

OeniMlte 

Herderite 

Mitre                     SUlbite 

Wolfsbargite 

cairTtoberyl 

AntiBumlto 

Oomptonlto 

XarwUnUe              Minlekel 

Ttatalita 
Tkenwriiie 

Baryte 
Bonrnonite 

liiyaiUe 

LoganiU                PrehniU 
LOUngite                lUmiits 

Tapa* 
TyroUf 

WolfabergUa 

Caledonite 

Glaaerite 

Maaganite             Smithaonite 

CeU$tin0 

<a  F  00  Naumann,  0  10  HiUer,  H  Brooke  and  Levy. 

AeBohyiiite 
Andaltuite 

Gomptonite 

Haidingerite          Nitre 
Hannotome           OUrenite 

BmoUaite 
Behnhdta 

Aogledte 

Ootnnnite 

Herderite              OliTine 

Seorodita 

Cryolite 

IlTaito                   Orpiment 
Jameeonite            PhilUpslte 

Smithaonite 

AntlJiMMiito 

DathoUte 

Stephanite 
Stilbita 

Ararmite 

Karatenite              Pieroemine 

Baryte 
BinnQthliio 

EndnopUte 
Fayalita 

Ubethenite            Poliaaite 
Loganite               Polykraae 

BtniTita 
Sulphur 

Bonnumite 
BnMkita 

Gadokmlte 
Glawrite 

Maagaaite             PolTmigaite 
Maaeagnlne            Prehnlte 

SylTanlta 
Taatattta 

OelattiiM 

Goalarite 

Veadipite              Pyroluaite 

WSkdiita 

CeruMite 

Gdthite 

MioUte                  Bedmthite 

Wolfram 

Chryaoberyl 

Cleavoffet  parallel  to  thitform  occur  in  thofoUowinff  mmeraU, 

Aaehynlte 

Cbryioberyl 

Andalnaite 

Oompionite 
Cryolyte 

KartUnif              OUytae 

Sooradita 

Antimonite 

Lognaite               Orpimeat 
Maagaaite             Phillipaite 

StilMta 

Baryte 

SlrwoUe 

Bonnumite 

Fftyalite 

Maaeagnine           Plcrosmlne 

TantaJita 

CdeeUne 

Harmotome 

Mendipite              Polymigaite 

Wo^ftnm 

00  5oo  Naumann,  1 00  MiUer,  G  Brooke  and  Levy.                           j 

Aeaebynite 

Bianrathhie 

Chryaoberyl          Epaonite 

Harmotome 

AUtonite 

BonmoDite 

Oooiptoaita           Bnobrolte 
Confierite              Endaophita 

Henlatite 

Andalnaite 

Broehaatite 

IlTaita 

Aagtedte 

BrooUte 
Caledonite 

Gotoaaita              FkyaUta 
CryoUte                Glaaerite 

Xarstanita                1 

Antimoaite 

Oileatlne 

DathoUte               Oodarita 

JLeadhiUita                1 

AraiMilte 

Cemaeite 

Diaspora                Gfithita 

UbetMaita               || 

B^iT 

Cld]dx«nite 

Bpiatilbita             Haidingerite 

Logaaita              J 
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MtmAgDin^ 


Mcngtta 
Mcwtym 


KkUte 
Kitn 


OUTUiito 

OUTlne 

Onrimeat 

PhlUiiwite 

Piorannlno 

PoUanite 

FolyhaUte 

PolykraM 

PoiTuOgnito 


PyroIoBita 

Bedrathlte 

Remolinite 

Ro«elite 

Soorodite 


Stembergite 
StflUte 
StrontiaBita 
Stromeyerite 


StauroUte 
Btepbaalte 


SylTanite 
TUitaUte 
Thenardlto 
Thenmnatrlte 


Topas 

TyroUte 

Yalmtinlte 

Waremte 

Vltherite 

WMfihite 

Wolfnun 

Wolteberglte 


Qettvoff^i  parallel  to  ihUform  occur  in  ihcfoUowing  mmcrali. 


Aadalwite 

JbUimomUe 

JragomHt 

Baryte- 

Boanuttita 

Brwhantitt 

Brookita 

Oatodooita 


CUldrenita 
Chryaobaryl 
Oumptonite 
OonUerite 
CryoUta 
'  Datholita 
DUupon 

SpcomU 

Eodnopblta 

FayaUta 


Glaaerite 

Mmdinfitnte 

HmrtMtome 

Jameaonlte 

Laadhillite 

MamganiUe 

Mascagmne 

Mondiplte 

JfMitc 


Nitre 
Olivin§ 

OrpimetU      / 
FhUHpaUe    ' 
Piarotminc 
PffUtmite 
Polymignlta 
PyrdtuHe 


Soorodite 
StmtrolUe 


Stephanita 

8tmu 

Btnmtfanite 

TaataUto 

Thermonatrlta 

WaccUiU 

Wltharita 

waehite 

WolfilbergUe 


Might  BlMmblo  Piliiii  of  tlM  rint  OfdM.<~Tho  right  rhombic  priam  of  the 
first  order,  or  the  rectangular  prism  on  a  rhomHc  haccy  is 
A  solid  bounded  by  six  faces,  four  of  which  are  rectan- 
gular parallelograms,  sach  as  A^  £,  Itj  A«  (Fig.  304) ; 
the  other  two  are  rhombs.  When  this  prism  is  con- 
sidered as  an  open  Ibnn,  the  four  rectangnlar  flues  only 
are  taken  as  its  fuses,  the  two  rhombic  fscea  which 
inclose  it  being  then  regarded  as  the  hacal  pinacaidc. 
To  draw  the  Mhombic  Frimn  of  the  Brst  Orvfor.— Bisect 


Fig.ao6. 


Oui  edges  Bj  B4,  B,  B„  B,  B„  and  B,BxCff  the  prism  (Fig. 
301),  in  the  points  Aj,  A^A^  and  A^;  also  Bj  B,,  B4  B3, 
B,B„andB.B^inEi,Ej,E„andE«,  Prick  off  the  points 
A„  A,  A„  A4,  Bi,  E„  i;,  and  E4,  and  join  these  points,  as  in 
Fig.  304,  and  the  prism  will  be  represented. 

Bynibolt, — Each  &ce  of  this  prism,  considered  as  an  open 
fixrm,  cuts  two  of  the  axes  Oj  G,  (Fig.  301)  and  Hj  H^,  at  the  extremities  of  their 
parameters,  and  is  parallel  to  the  third  axis  P^  P, ;  the  symbol  representing  this 
pioperty  is  1 1 00 ;  Nanmann's  is  »  P,  Miner's  1 1 00,  and  Brooke  and  Levy's  M. 

To  DeaeriU  a  Net  for  the  IthcmHc  iViJiii.— Draw  two  lines,  Gj  G,  and  Hj  H,  (Pig. 
305),  catting  each  other  at  right  angles  in  the  point  C.  Make  CG|  and  CG,  each 
equal  CG  (Fig.  802),  and  CH„  CH,  equal  to  CH  (Fig.  302). 

Join  Hj,  Gi,  Ha  and  G,,  as  in  Pig.  305.     Draw  two  such  rhombs,  also  four  equal 
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bPilERE  OF   PROJFXTION  FOR  THE  PRISMATIC  SYSTEM- 


rectangular  paraiielograuis,  their  bruaUois  bemg  eiiuai  to  H^  G„  and  of  any  coavcnient 
length.     Arrange  these  figures  as  in  Fig.  3(W,  and  the  net  will  be  described. 

Sphere  of  Projection  for  the 
PriBiiiatlc  System.— To    draw  a 

map  of  the  sphere  of  projection  of 
the  prismatic  system,  with  P^  (Fig. 
307)  as  a  centre,  and  any  convenient 
i-adius  Pj  Gi  describe  the  circle  G^  Hi 
62-  Let  G,  G2,  and  Hj  H.,  be  any 
two  diameters  drawn  perpcndiciilar 
to  each  other.  Then  Pj,  representing 
the  north  pole  of  the  sphere  of  pro- 
jection, is  the  pole  of  the  upper  basal 
pinacoid  oo  00  1,  or  0  P,  Nauraann  ; 
G,  and  G^  arc  the  polos  of  the  brachy- 
pinacoids  1  00  00 ,  or  oo  P  « ,  Nau- 
mann  ;  and  11  ^  and  H2  are  the  poles 
of  the  macro-pinacoid  00  1  00,  or 
00  P  00 ,  Naumann. 

Faces  parallel  to  the  Jtkomhie  Trism  of  the  First  Order,  1  1  00  ;  00  P  Xamnami ;  1 1 0 

Miller ;  M  Srooke  and  Levy  ;  occur  in  the  foUomrtg  minerals :  the  angles  are  tJie  hr^ytdt 

of  their  poles, 

Guthite  . 
Haiilingerite . 


Apschynite 

AlstoDite 

Aridalusitc 

AnfflPfite 

Antimonsilber 

Anlimoiiite 

Aracronlte 

Barytc 

Bismuthine 

Bournnnjte 

Brochantitc 

Brookito 

Caledonite 

Celeistine 

CeruRsite 

Chloantbite 

Chrypoberj'l 

Conipinniio 

Oordierite 

(^tunnite 

DathoUte 

Epistilbitc 

Epsomite 

Enchroitc 

Endnophite 

FayaUte 

Gadolonite 

Gla«erite 

Goalarite 


C3^ 

40'  ) 

59^  26' 

45' 

2-2' 

5P 

4gr 

60^ 

ff 

45' 

23' 

53=' 

5' 

50^50-  1 

45'^ 

30' 

46' 

SC 

52=* 

5' 

4SF 

55* 

470 

30' 

52' 

V 

58' 

37' 

62' 

0* 

64^ 

49' 

45^ 

20- 

59' 

35' 

49' 

33' 

5P 

38' 

67' 

85' 

45=* 

17' 

58^4(f  1 

m° 

0' 

47° 

sc 

59' 

45' 

GCP 

12' 

45' 

21' 

Hnrmotome 

Herdcrite 

IlvKite    . 

Jameponite 

Karptcnite 

LeadhiUito 

Libothenite 

Lirocnnite 

Loffiinite 

Lolingite 

ManiTunito 

Marcasitc 

MascagTiine 

Mendipito 

Menfjite 

Mepotypo 

Mispickel 

Monticellite 

Niobite 

Nitre      . 

OHvenite 

OHTine  . 

Orptment 

Phillipsite 

Picroamino 

FoUanlte 


47»2e' 
w  or 

45'  53' 
57<»  57' 
55*  SO' 
50^  40^ 
48'  18' 
60'  lO' 
46'  30' 
59'  40' 
Unkn. 
6r  13' 
49^50' 
53'  3' 
60'  34' 
51"  18' 
68'  10* 
45' 30' 
55'  36' 
48'  55' 
50''  20' 
59'  25' 
46'  15' 
47='  I' 
58' 55" 
45' SC 

46^26' 


Polyhalite 

Polykra?e 

Polvraignite 

Prehnite 

I^rolusite 

Redruthite 

Rcmolinite 

Roselitc 

Scorodlte 

Smithsonite 

Staurolite 

Stephanite 

Stcrnbergite 

Stilbito  . 

Strontianite 

Struvitc 

Sulphur 

Sj'lvanite 

Thenardite 

Topaf.     . 

Tyi-olite 

VMlentinite 

"Wtivellite 

WUhfiite 

WiJlchitD 

Wolfram 

Wol/Rbergite 

Zinckenile 


57^30' 
70«  r 
54' 5S' 
49' SS* 

46' 50' 
59' iS* 
56'  10' 

ee'Si' 

49'   1' 

5P  57' 
64M(r 

57' SC 
59' 45' 

47'    S' 

6P25' 
50«>59' 
55' 24' 
G4'41' 
62' 10' 
Uoka. 
6S'2^ 

es'  IS' 

S»^15' 
Unkn. 
50<»5r 

67=  ar 

60'20' 


The  foUoicing  minerals  present  Cleavages  parallel  to  this  form. 


Alatonite 

Andalusito 

Ani?lesite 

Antknonsilber 

Antimonitc 

Aragonite 

liaryte 

Bisniuthine 


BrocliantitG 

(^aledonite 

Celcstine 

CcrUEssito 

Dathalite 

KpHoinite 

EucHroite 

Giaserite 


JftmeswHiite 

J>cadhiUitc 

l.iroconite 

Jjngamtc 

Manganite 

Ma  reunite 

Mefidfpiie 


MiBpickcl 

Niti-e 

OliTBnite 

Prebnite 

Pftrolusitc 

Bicdrutbito 

Smithsonite 

Staiirolitc 


Sirontiamtt 

Suli>har 
Tbenutiite 
Topajj 
Talmiinit* 

WitheriU 
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PotiUon  of  the  Poles  of  the  Right  RJunnhic  Frism  o»  Vie  Sphere  of  Profection. ^Tho 
poles  of  this  prism  all  lie  in  tho  equator,  if  9  he  tho  angle  of  longitude  for  each 
substance  given  aboye ;  and  if  (in  Fig.  307)  Gj  D„  Gj  J)„  G,  D3,  and  Gj  D^,  be  each 
taken  equal  to  $,  D„  B.^  D,  and  D4,  will  represent  the  four  poles  of  the  prism. 

Might  Rhomhie  Prieme  derived  from  the  Right  Rhombic  Pritm  of  the  First  Order  by 
imereasing  the  greater  Axis  G^  G^, — These  prisms  will  be  similar,  m  all  respects,  to  the 
prism  of  the  first  order,  from  which  they  are  derived,  except  that  CGj  and  CG,  (Fig. 
301)  must  be  taken  n  times  greater  than  GO  (Fig.  302).  '  Making  this  alterationy  the 
points  Ai,  Aj,  A3,.  A4,  £„  Ej,  £3,  and  £4,  will  give  the  ftngalar.  points  of  the  derived 

•       •  n±\ 

prism.     Their  symbols  will  be  11 1  od,  00 Pa  Naranttm,  hko  Miller,  H"  —  ^  Brooke 
and  Levy. 

Faces  parallel  to  the  following  forms  of  these  Prisms  have  been  observed  in  ntUure  f  the 
angle  is  that  oftJteir  longitude. 

The  form  }loo;  QoF|NRumann;  340  Miller;  H' Bnxike  and  Levy. 

FayaUte  .    55°  SO' J  Maaganite     ..    57^40' 

The  formal  1  00 ;  ooPf  Naumann;  2  3X)  Miller;  H*  Brooke  and  Levy. 

Baiyte;  ...       •    61*'  S(f  {  B«vnoiiite '  .       .    57^  Sff 
The  form^$  1  00 ;  ao  P  |  Naumann ;  3  5  0  Miller ;  H«  Brooke  and  Levy. 

Cer«8site    ...    61^  80" 
The  form;2  1 '« ;  go P  2  Naumann ;'  1  2;0  Miller;  H>  Brookelandi Levy. 


▲ndalasite     .       .    63''44' 


PRyttittf        •.       .    Cyir  ,  Montiodlite*.       .    66*27' 


ABtimonite  .  .  63'>44'  Guthito .  .  .  65°20'  NiobUe  .  .  ■  .  IT^  2Sr 
Baryte  .  .  .  e?»  SV  Ilralte  .  .  .  7i<»  C'  ]  Olivine  .  .  .65°  1' 
Boumonite  .  .  64<>  5V  Libethniite  .  .  64°  22'  |  Stnivit*  .  •  4»>  ST 
Brookite  .  .  67°  11'  Manganite  .  .  67°  7'  Wotfram  .  .  67°  52* 
Diaspora        .       •    64^17'  I 

Biaspore  has  m  iaperfoet  deavage  psndle]  to  the  above  fonn. 
The  form '4  I  oo ;  «oP 4  Naunann ; !  1  4  0  Miller;  H^  Brodca and  Levy. 

Brookite     '  .       .    78»  7»  |  Maaga&ite     .       .    78»  y 
The  form  V  ^  <>°  >  «  P  V  Naumann ;  2  11  0  Miller ;  HV  Brooke  and  Levy. 

BrottkiCB      •     .  si»ir 
The  form  V  ^  ^  >  00  P  y  Naumann ;  4  23  0  Miller ;  H^i  Brooke  and  LeTy. 

Bxt)okits  .  .  81<»4(r 
Poles  oftXese  tlerirbd  Rhombie  Priemi  of  the  Ftrsi  Order  m  the  Sphirp  ofPrejeeUon,  ^e. 
—If  G|  /j,  O^lpG^ha  and  G,  /«,  on  the  equator  of  the  sphere  of  projection^  be  eftch  taken 
equal  to  the  angle  of  longitude  given  above,  in  Tig.  307,  ii,  l^  l^,  and.^  will  be  the  four 
pdles  of  the  prism.  If  a  be  the  angular  element  given  in  the  first  column,  0  the 
kngitade  of  tiie  prim  n  loo,  for  any  partioular  substance,  tiien 

tan  tf  =r»  cot  cc. 
29  will  be  the  inclination  of  the  fSaces  of  the  prism  over  the  edges  £}  £,  or  £,  E4  (Fig. 
304) ;  180°  —  20,  their  inclination  over  the  edges  A^  A,  and  A,  A4. 

Right  Rhombic  Prisms  derived  from  the  Right  Rhombic  Prism  of  the  First  Order,  by 
inereasing  the  lesser  Axis  Mi  iT,. — These  prisms  are  derived  from  the  prism  of  the 
first  order,  by  making  CHj  and  OH,  (Fig.  801)  equal  to  n  times  CH  (Fig.  301). 
WiHi  U&iB  aUefation  A^,  A9,  A3,  A4,  E^,  E^^  £3  and  E4,  will  give  the  angular  points  of 
the  new  prism. 
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The  symbol  of  these  deriyed  priBms  will  be  I  n  oo ;   oo  P n  Naumann ;  i*  A o  Miller; 
«  +  l 
G"  ""  *  Brooke  and  Lery. 

Faee9  parallel  to  the  foUomng  forms  of  these  Trienu  hare  been  observed  in  natwt ;  the 
angh  is  that  of  their  Umgitude, 

The  fonn  1  }  «  ;  oo  P  |  Naumann ;  4  3  0  Miller ;  6^  Brooke  and  Lery. 
Auglesite      .       .    4S° Mf  |  Antimonite    .       .    S7'>  \V  \  Bonmonite   .       ,    WW 
WaveUite      .       .    5^   y 

The  form  Ifoo;  ooP)  Naumann;  320  Miller;  G*  Brooke  and  Lery. 

itiiwporo  .  ,  ZSPW\  Manganite  .  .  19P  \V  \  Bedrnthite  .  .  48>  HT 
£aehroite  .  ,  Al^w\  OUvine  .  .  .  Sd"  Sy  Topas  .  .  .  51»  ST 
FajaUie         .       ,    Wi7f\ 

The  form  1  f  oo ;  oopf  Naumann ;  5  2  0  Miller ;  G^  Brooke  and  Levy. 
Fajralite        .       .    SS«  27' |  Maaganite     .       .    35»2r 

The  form  1  2  oo ;  oo  P  2  Naumann ;  2  1 0  MiUer ;  G^  Brooke  and  Lev}'. 

Aesebynite    . 
Angle^te 
AntimonBilber 
Baryta  . 
Boumonito    . 
Brochantite  . 
Celeatana 
Chryaoberyl  . 
Ootannita 
.  DaUkoUte       . 

Theforml}oo;  ooPjNaumann;  940Miller;  G^  Brooke  and  Levy, 


4*»ir 

Diaapore 

.   28'  y 

B«molhiite    . 

.    86»43' 

S«»27' 

Epsomlte 

.    WAV 

Scholsite       • 

.    30»  r 

40»64' 

Enohroite 

.    89^24' 

Soorodite 

.    29«5y 

siojy 

Ooelariie 

.    »r»48' 

Sulphar 

.    8P49' 

28'   4t 

Gdthlte  . 

.    28»34' 

Sylranite 
Thermonatrite 

.    85»M' 

WAX 

Ilraite    . 

.    W   V 

.    53059' 

sa-w 

Manganite 

.    W9» 

Topas    . 

.    ^W 

WAT 

OUrine  . 

.     .  i8»iy 

Wolfram 

.  spsy 

80*41' 

Orplment 

.        .    »9»40' 

Wol&bergite 

.    WW 

S2«17' 

Folymig&ite 

.  8y2y 

00  P  3  Naumann ;  3 1  0  Miller ;  G^  Brooke  and  Levy. 


Glaaerite 

>       .    UPlTf 

Ilraite   . 

.    25-57' 

LeadhlUite    . 

.  8(r»i(r 

Manganite 

.    2VW 

,    3<P84r 

Menglt» 
Niobite  . 

.    «9'4e' 
.    2r54* 

Smithaonite  . 

.    W  € 

SylTanite 

.    25'*  47' 

Topax  '  • 

.    WW 

Tantalite       .       .    28»3S' 

The  form  I  3  00 

Antimonflilber  .  W  V 

Btamuthine    .  .  18°4r 

Cerauite       .  .  29PW 

Chrvaoberyl  .  .  35'' 21' 

Cordierite      .  .  29' sy 

DathoUte       .  .  22<*5<r 

The  form  1^  qo  ;  00  P  }  Naumann ;  7  2  0  Miller ;  G  i  Brooke  and  Levy. 
Chrysoberyl  .       .    81*  17' 

The  form  1  4  00 ;  00  P  4  Naumann ;  4  1  0  Miller ;  G^  Brooke  and  Lory. 
Ilvaite    .       .       .    20>  3'  I  Polymignlte  .       .    Id^  sy  I  Topaz    .       ,       .    25'>  20^ 
LeadhUlite     .       .    23»  38' |  Bemolinlte    .       .    20»2y| 

The  form  1  5  00 ;  oo  P  6  Naumann ;  6  1  0  Miller ;  G^  Brooke  and  Levy. 
Antimonailber       .    IS''  8*  |  Antimonite    .       .    IV  27'  |  Smitheonite  .       .    H''  2<r 

I*olcs  of  these  det  ived  Rhonihie  Prisms  of  the  First  Order  on  the  Sphere  ofPrefeeUm^  ^f. 
— TakeG^  K^  G^  K^  G^  E3  and  G,  K4  (Fig.  307)  on  the  equator  of  the  sphere  of 
projection,  each  equal  to  the  angle  of  longitude  given  aboYe.  E^  E,  K,  and  E4  will  be 
the  four  poles  of  the  prism. 

If  a  be  the  angular  element  giren  in  the  first  column,  0  the  longitude  of  the  prism, 
1  I?  00  for  any  particular  substance,  then 

cot  9  =  ft  tan  a 
2$  will  be  the  incUnation  of  the  faces  of  the  prism  over  the  edges  Aj  A3,  At  At  (Fig.  304) ; 
180^  —  20,  their  inclination  oyer  the  edges  £|  E,  or  E^  £4. 
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,  of  tlM  SoooBd  Oid«r«— The  right  rhombio  pziam 
of  the  second  order  is  similar  in  form,  but  different 
m  position,  to  that  of  the  first  order.  The  ibnr  fEu^es 
(Fig.  808)  ▼hiehsxexeotangnlarpanLllebgrams,  cut  the 
two  suces  Pi  Pa  and  Gj  Gj  (Fig.  801)  in  the  points  P 
and  O,  and  are  parallel  to  the  third  axis  H^  H, 
(Fig.  301). 

The  rhombio  planes  A|  Mj  A,  M4  and  A,  M, 
A4  Ms  vhich  inclose  the  prism  are  the  macro-pina- 
ooide. 

To  draw  this  prism,  we  have  only  to  prick  off  the 
points  Aj,  A^  A3,  A4,  Ej,  E,,  E„  and  £«  fix>m  the 
Fig.  301,  and  join  them  as  in  Fig.  308. 

iS^ifiM!!.— The  symbol  which  represents  the  rela- 
tion of  this  prism  to  the  axes  of  the  priunatio  system 


is  1  ao  1 ;  Naumann's  P  « ;  JU 

[iller's  10  1; 

Brooke 

X 

and  Lory's  E*. 

Fig,  808. 

fhai  of  their  latitude. 

Alrtoaite       • 

.  so-jr 

Epsomite 

.   »»5y 

OUTSBlte       . 

.    84f»8y 

AndslQiite    . 

.  zap  9 

Buchroita       • 

.   4«»  4' 

OUtIim  .       . 

.    49»88' 

Angtedte       . 

.  ssoiy 

Fayalite 

.  49«>ir 

PbUUpaite     . 

.    84<»W 

.  uosa* 

Olsaerite 

.    S(P44' 

PoUanito 

.    81»  V 

AntimoDite    . 

.    4»>S6' 

GoBlarita 

.    WS» 

Pyroliuite     . 

.  JO*  tr 

Angonite 

.    8*»47' 

0«thlte  .       . 

.  spiy 

.    87»  V 

Baryte  . 

.    hT^ 

Haidingeiite . 

.  M*sr 

Smithfloirite  . 

.    M»47' 

.    41«»5^ 

Harmotome  . 

.    54*47' 

Stephanite     . 

.    84«Mr 

Broehanttte   . 

.    14<»  4r 

Karstenite     . 

.    4402s' 

8trontlaBite  . 

.    85*5^ 

.    M<»8r 

LeadhUlite     . 

.    bV*W 

etruvite 

.    81*8^ 

OelestliM 

.    hV   4[ 

Ubethenite    . 

.  8y»  4' 

Solphur 

.  es*!^ 

Cenmlte 

.    S5»5y 

LSUngite 

.    48«5<r 

SjrlTanlte      . 
l^tallte       . 
Thermonatrite 

,    8l»a0' 

Oordierite      . 

.  SO*  r 
.  »»11' 

Manganito     . 
Maroaaite 

.    28»M' 
.    49»   V 

.    88*  ff 
.    48*  y 

Ootnanite 

.  M«»8y 

Mlaplokel 

.  zepw 

Topas     . 
Talcntinlte    ; 

.    43*81' 

.  w>w 

.    49»5er 

.    54*44' 

Diaspora 

.  yptsr 

MonttoeUite  . 

.    48°46' 

Withurite      . 

.  8e*8y 

Bpisdibite     . 

.  ie«>iv 

Nitra      .       . 

.  jy*  I' 

Wolfram       . 

,    40*46' 

Th4  foUowing  pret  ent  Cleavages  parallel 

to  this  form. 

Andalnsite 

Aragonite               Epaomlte 

LoUnglte 

jntre 

Boom 

lonite            Enehroite 

Maroaaite 

Topa. 

Position  of  the  poles  of  the  Bight  Bhombie  Prism  of  the  Second  Order  on  the  Sphere  of 

Prqfection, 

The  four  poles  of  this  prism  all  lie  in  the  same  meridian  or  zone  G|  Pj  6,,  (Fig. 
307).  The  poles  aj,  a,  in  the  northern  hemisphere  for  any  particular  substance  are 
determined  by  observing  where  the  circle  of  latitude,  whose  north  polar  distance  is 
equal  to  the  angle  of  latitude  given  above,  cuts  the  meridian  G|  P|  G,,  the  other  two 
poles  are  where  the  same  circle  of  south  latitude  cuts  the  same  meridian. 

The  angle  for  determiiling  the  latitude  of  the  poles  of  this  form  is  that  given  in  the 
second  column  of  the  angular  elements,  for  substances  belonging  to  the  prismatic 
systemii    Let  fi  represent  this  angle. 

Then  2/9  and  180"*  —  2/9  are  the  inclinations  of  the  &ces  of  this  prism  to  each  other. 
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PKISMS  DERIVED  FROM  THOSE  OF  THE  SECOND  ORDER. 


Right  BJiombic  Vzisas  4«iiv«d  from  those  of  tho  Second  Oilot.- 

By  increasing  or  diminishing  tlie  axis  Pj  P,  (Fig.  301),  by  making  CP,  (Fig.  801) 
equal  to  m  times  tho  parameter  CP  (Fig.  S<k2),  where  m  may  be  any  whole  number  or 
fraction  greater  or  less  than  unity,  and  then  from  Fig.  801  ao  altered  oonstracting  a 
right  rhombic  prism  of  the  second  order,  a  new  series  of  prisms  may  be  described. 
Symbols,— The  symbol  which  iinll  represent  the  relation  of  tiiese  prinss  to  the 

axes  of  the  prismatic  system  is  1  oo  m ;  Naumann's  b  m  P^oo  ;  Miller's  hoi;  Brooke 

m 

and  Levy's  E^. 

Faeei  parallel  to  these  derived  Mombie  Prisms  of  the  Second  Order ^  with  the  folhu:is»g 
angles  for  dciennining  the  latitude  of  their  polesy  have  been  observed  in  nature. 

The  form  1  ao  ^ ;  i^  P  oo  Naumann ;  1,  0, 12  Miller ;  £  ^  Brooke  and  Levy. 

CclosUne      .       .     6^    6' 

The  form  1  oo  ^;  ^Poo  Naumami;  I  06  Miller;  £tV  Brooke  and  Levy. 

TantaUte      •      ".     6M1' 

The  form  1  «  J ;  i  P  oo  Naumann ;  1  0  4  Miller ;  E^  Brooke  and  Levy. 
Gadolinite     .       .    IS^  52' |  Marcaaite      .       .    1G»  SC  |  Mispickel      .      ' ,    \^  W 

Tlie  form  1  oo  i ;  i  P  09  Naumann;  10  3  Miller ;  £^  BrodLe  and  Levy. 

CelGstine       .       .    23^    9'  |  Marmsite      .       .    21°  8^  |  Salphar        .       .    sr  W 
Valentinite    .       .    25«  1^ 

The  form-l  ocr  J  ;  -J  f  oo  Naumann-;  10  2  Miller ;  E^  BrooTite  antl  Levy. 


AntlBon^te 

Ajragoni^ 

BarytB  . 

Oer«wit« 

FkyaUte. 

OlMwitQ 


270    4* 
S9>  11' 


IlTufte 
LeadhilUW 
Mispiokel 
Moroaaita 
Nitre     . 


12»  6V 
8l»    4' 


OHviM. 
SmithsoDite  . 
Stpomeyerite. 
Thermenatrite. 


!••  ir    WitlMKlte 


The  formil  oo.  f ;  |  P  00  Naamann.;  2  0  3  Miller ;  £>  Brooke  ana  Levy. 


]>atlK»Iite 

Redrothito 


Topaz 
Wolf  ram 


IV>  90*  I  BoseUte  .    tf*  W  \ 

M»  5r  I  Sttlphw  -      .       .    5l«  40- 1 

The  forml  00  j;  f  P  «  Nanmann;  4  0  3  Miller;  £t  Biooke  and  Levy. 
2rodkit€[       .       •    5V  IT  |  DathoUtc      .       .    SS^  41' 

Thoforml  00  };  |P  oo  Noamann;  30  2  Miller;  E^  Brooke  and  Levy. 


Aragonite 


4T'»  14r  I  Herderito 


S2»  SO'  1  StauroUte 
47034' 


45*48' 


The  form  1  00  2 ;  2  P  00  Naumann ;  2  0  1  Miller ;  £<  Brooke  and  Levy. 


.  MO  ir 

Alatonito 

.  55=»  sy 

Antimonailber 

.    W  20' 

Anfronito     . 

.    h9>l9 

Brookite        . 

,    62»    ff 

Cerussite 

.  550  sc 

ChUdrtnite    . 

.    52*    T' 

Datho&te 

.    4S»    0* 

Epaomlto 
Harmotome  . 
IWaite  . 
LeadluUite    . 
Mascftgnine  . 
Niobite  v 
Nitre     . 
OIMmv 


49'  4' 
540  15' 
42=>  23' 

55*  87' 
eO>  20' 
54'  JW 
66*  iy 


Badruthite 
Smithsonite  . 
Stephanite     • 
8tenber((ite , 
Stroniianite  . 
Sjlrinite 
Topaz    . 
'Wttberlte 


'44' 
44'  0' 
58^84' 
59»ir 
55*22' 
50O4y 

erisr 


trsr 


CkrmsitSy  Stepha&it^  Strontianite,  and  Witherite  cleav«  parallel  to  this  farm. 

The  form  1  oo  8 ;  3  P  oo  Nanmann ;  3  0  1  MiUcr ;  £«  Brooke  and  Levy. 
Ara^onlte     .       .    «5»  11'  |  Mispidcel      .       .    74^  sr  1  SylTanlte 
Cerussite      .       .    C5My  |  Smitbsonite  .       .    U»  27  i  Antalit* 
Datholite      .       .    56M9' ^  I 

The  form  1  «>  4 ;  4  P  oo  Naunann;  4  0  1  Miller;  £*  Brooke  imd  Levy. 
Cerussite       .       .    70''  55'  I  Strontlaiiite  .       .    70»  57'  I  Toobjb    .       .       ,    75*  ly 
DathoHto      .       .    63'  26'    Sylvanite      ,       .67^4^1  Talentlnlte    .       .    79*  58' 

pmiiiite  .  -aosa 
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The  form  1  oo .5;  5  P  «>  NauzoAon ;  6  0  1  Miller;  £?  Brooke  and  Levy. 
Aragonite      .       .    74^  2V  \  Smithsonito  .       .    67°  Sty 

The  form  1  oo  6  ;  6  P  «  Nauman  6  0  1  Miller ;  E^  Brooke  and  Levy. 
Aragonite      .       .    76' MT I  Herderite      .       .    66°  84' |  Stroatiaaite  .       .    ir  2' 

The  form  I  oo  7 ;  7lf  «  Naiunann ;  7  0  1  Miller;  Ei^  Brooke  and  Levy. 
Smithaonlte  .       .    ?8«  8V 

The  form  I  oo  8 ;  8  P  oo  Naumann ;  8  0  1  Miller;  E*  Brooke  and  Levy. 
StrontJanite  .       .    80^  12* 

The  form  1  o»  10 ;  10  P  oo  Koumann ;  10,  0,  1  MiUer ;  £»  Brooke  and  Levy. 

Stembergite  .       .    83^  12' 
The  fonn  1  oo  12 ;  12  P  oo  Naumann ;  12,  0,  1  Miller ;  E«  Brooke  and  Levy. 

Strontianite  .       .    83'>26' 

iW«  of  the  derived  Rhombic  Driems  of  the  Second  Order  on  the  Sphere  o/Frofeetien.-- 
Let  X  he  the  angle  given  in  the  list  ahove  ft>r  determining  the  latitude  of  any  form  for 
a  particular  suhstance.    The  two  points  where  the  circle  of  north  latitude,  whose  polar 
distance  from  Pj  is  X,  cuts  the  meridian  or  ftone 
G|  Pj  G,  (Fig.  307);  and  the  two  points  where 
the  same  circle  of  south  latitude  cuts  the  same 
zone,  will  give  the  four  poles  of  the  derived 
rhombic  prism. 

Let  /3  he  the  angle  given  in  the  second  column 
(pages  417, 418), 

tan  X  =:  f»  tan  )3. 

Rieht  ahombio  FiUnn  of  the  Third 
Oxdes.^-TlM  right  rhomhic  prism  of  the  third 
order  is  similar  in  form  to  that  of  the  firs^  order, 
hut  differs  in  position  with  regard  to  the  axes. 

iS^in^2«.— Each  face  passes  through  one  of  the  ex- 
tremities of  the  axes  Pj  P,  and  Hi  H„  and  is  parallel 
to  the  third  axis  Gj  G,.  The  synM  wttich  expresses 
this  lotion  is  oo  ^  1 ;  Kaumann'a  is  P  oo ;  Miller's 
Oil;  Brooke  and  Levy's  A^*  . 

To  di»w  this  prism  prick  ofiT  the  points  E^,  E,,  £,,  £^  and  M^,  M,,  M^  M^  from 
Fig.  Ml,  and  join  them  as  in  Tig.  soft. 


'  Fir.  909- 


FoeeepamUa  to  4he  Priern  of  the  Tkird  Order  occur  in  thcfoOmoing  minertUe:  tkc  angle 
ie  ikai  of  their  latitude. 


Andalntite    '. 

.    SB^Sff 

AnUmonallbcr 

.    49M9' 

Aragonite      . 

.    4^' IS' 

Barjte   . 

.    ftfiMC 

Bonraonite    . 

.    48^  4y 

Chrjuobcryl  . 
Datiiolit^      .. 

Epistilbito      . 

\    33°    7' 

EpBomlttt 

.    29^58* 

FajaUte 

.    5P28' 

Gnularite 

.       .    29' 50' 

RemoUnlte 

.       .    4Jr3r 

Gothita  . 

.  83°  ac 

Smithflohito 

.    3r40' 

llvaite  . 

.    38=40^ 

SUwoUte      . 

.    55^  22* 

Lirooonite 

.     .  ssMy 

Stilbite  . 

.    89'   8' 

LoUngito 

.    64^20* 

StruTlta 

.        .    48=' 25' 

ManKaaHa 

.     .  srw 

Snlphur . 

.    W5V 

Hiiipick^      . 

.     •  eipie 

Sjlvanite 
Topaz     . 

.    41^32' 

Ollvenit© 

.    85^46' 

.        .    60'55' 

OUviae  . 

.        ,    51°  33' 

Wa^lUte 

.    86°  87' 

Orplment 

.    48=3^ 

WOlchite.  im<! 

letCRBined. 

Vrebnite. 

.     .  45^  r 

ZInakienite 

.     .  i4'4r 
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Th$  foUawing  preunt  CUavagu  ptraUd  to  t hit  form. 
Boanumite.  Uroeonite.  Bemolinite.  SMtUhtomiU.  Topas. 

PoiiUon  of  the  TtHu  of  tha  Right  Rhombic  Pritm  oftho  7%ird  Order  on  thi  Sphsro  ofPr^ 
jectio».—ljot  A  be  the  angle  giTen  ia  the  above  list  for  determining  the  latitode  for  any 
particiilar  aabstance.  The  two  points  b^  A,  (Fig.  307)  ▼here  the  circle  of  north  Utitode^ 
▼hoae  polar  distance  from  P|  is  A,  cats  the  mmdian  Q|  PGy  and  the  two  points  where 
the  same  circle  of  south  latitude  cuts  the  same  meridian,  wil^  giro  the  four  poles  of  the 
rhombic  prism  of  the  third  order. 

Ijet  a  be  the  angle  giren  in  the  first  oolumn,  and  0  that  given  in  the  secoiid  oolumn 
(pages  4179  418).    Then  k  may  be  obtained  from  the  formula 

tanX  = 

tan  a 

Right  Rhombie  Priuiu  derived  from  those  of  the  Third  Order,^^j  taking  CP, 
(Pig.  301)  m  times  GP  (Fig.  802)  where  m  may  be  any  fraction  or  whole  number ;  and 
from  Fig.  301  so  altered,  describing  a  right  rhombic  prism  of  the  third  order,  a  series  of 
prisms  similar  in  form  and  position,  but  ^iffisring  in  magnitude  from  Fig.  309,  may  be 
formed. 

Symbols. '—TStaih  free  of  these  derived  prisms  cuts  two  of  the  axes  P|  P^  H^  H^ 
and  is  parallel  to  the  third  G^  G^  and  the  symbol  which  expresses  this  relation  to  the 

axes  is  00  1  m ;  Naumann's  is  m  P  ao  ;  MilWs  oh  I;  and  Brooke  and  Levy's  A^ 

Faces  parallel  to  these  derived  Rhombic  iVwtfw  of  the  I%ird  Order,  with  the  foUowittg  amgks 
for  determining  the  latitude  of  their  poles,  have  been  observed  in  nature. 

The  form  00  1  ^ ;  ^  P  ao  Naumann;  0  16  Miller;  Att  Brooke  and  Levy. 

Baryta    .       .       .    W    T\  2iioUta  .       .       .    W   V 
The  form  00  1  ^ ;  ^  P  00  Naumann ;  0  1  5  Miller ;  A*^  Brooke  and  Levy. 

Baryta    .       .       .    ir»  52* 
The  form  oo  I  } ;  }  P  od  Naumann;  0  14  Miller ;  A^  Brooke  and  Levy. 

Angleaita       .       .    sr  3(r  I  Bonmonita    .       .    ir  27' i  Gelestiiie        .       .    22*  2r 
Baryta   •  .    21<>  56"  |  Brookita        .       .    15^  40^  j  LaadhilUta     .       .    28*  5<r 

The  form  00  1  i ;  J  P  00  Naumann ;  0  I  3  Miller;  A^  Brooke  and  Levy. 

Baryta    .  .    28«  14'  I  Cenualta        .       .    21»  SS*  I  Snlpliiir  .       .       .    37*  58* 

Oeleatina        .       .    28*  tt"  |  NiobLta  .       .       •    19^  20' |  Topox     •       .       •    80*  iy 


The  form  oo  1  i ;  i  P  00  Naumann ;  0  1  2  Miller ;  A^  Brooke  and  Levy. 


Aofflaaita 
Baryta    . 
Bonmonita 
Brookita 
Calaatina 


8»>27' 

CerQMita 

.       .    SOPW 

Prahaita 

88*51' 

Epaomita 
Olaaerite 

.       .    48*47' 

Strontlanlta 

25*88' 

.       .    88*    5' 

SyWanita 
Wolflram 

29*  18* 

Haidingerita 

.       .    lePiV 

89*2^ 

Leadhilltta 

.   47*  4y 

26'4(r 
80*  4r 
28^  5r 

28*  r 


Baryte  has  an  imperfect  cleavage  parallel  to  this  form. 

The  form  ao  1  i ;  i  P  00  Naumann ;  0  2  3  Miller ;  A'  Brooke  and  Lety. 
BoomaDlta    .       .    82*  81' j  Chrysobaryl  .       .    89>  2r  ]  KloMta  .       .       .85*12' 

The  form  00  1  ] ;  )  P  00  Naumann ;  0  3  4  Miller ;  A^  Brooke  and  Levy. 


CelMtlna        .       .    50"  57' I  LeadhilUta     .       .    74*24' 
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The  fomi  oo  1  { ;  |  P  oo  Namnann ;  0  3  2  Killer;  A«  Broeke  and  Lbtj, 
DetboUto       •       .   «<>  Sr  1  Syhraiiito       .      .   Sg*   T 

The  fonn  oo  1  2 ;  2  P  oo  Nanxnann ;  0  2  1  Miller ;  A>  Brooke  and  Lerjr. 
1  DathoUte 

Hnidingerite  , 
iMimguiite     , 

The  form  oo  13;  8  P  oo  Nanmami ;  0  8  1  Miller;  A«  Brooke  and  Isry, 
UTaite    .       .       .    er*  35' 1  SmithMiilte    .       .    6r  S7' 


Boanonite 
Broehantite 
Caledonito 


Sr  54' 
71"  55* 


5l*»88' 
MP  14' 


PolyknM 
Soorodite 
SmlUiionite 


6r  SO' 


The  limn  oo  14;  4  P  oo  Nanmann ;  0  4  1  Miller ;  A'  Brooke  and  Lerj. 
Haidiagerito  .       .    67'  11' 

The  form  oo  1  6 ;  6  P  qo  Kaumann  ;  0  6  1  Miller ;  A'  Brooke  and  Lerjr. 
Stembergite  •       .    76^  81' 

PimtUmofth9  Poles  of  the  derked  Rhombic  Pritma  ofiU  TMrd  Order  on  the  Sphere 
of  Prnjeetim. — Let  hi  and  b^  (Fig.  307)  be  the  points  where  tbe  circle  of  latitude,  whose 
pdar  distance  from  P,  is  the  angle  X  given  for  each  particular  substance  in  the  pre- 
ceding article,  cuts  the  meridian  Hj  PH, ;  these  points,  together  with  two  similar  ones 
where  the  same  circle  of  south  latitude  cuts  H,  PH,,  will  be  the  four  poles  of  the 
ihonibio  prism. 

If  a  be  the  angle  in  the  first,  and  /9  that  in  the  second  colunm  (pages  417,  418), 

tanXsm- — ^ 
tan  « 

Mhoimhic  FymaUL-^The  double  four-faced  pfframid  or  octahedron  on  a  rhombic 
baee  is  a  solid  bounded  by  eight  triangular  faces ;  each  face,  such  as  P^  Hi  G|  (Fig.  810) 
being  a  scalene  triangle.  It  has  six  four-faced  solid  angles, 
equal  to  one  another  in  pairs,  that  at  P|  being  equal  to  that 
at  Ps,  at  H,  to  H,,  and  at  G^  to  6,.  The  edge  Pj  Hj  equals 
H,  P„  H,  Pj,  andPj  H,;  tbe  edge  Pj  Gj  equals  P,  G^  PjGj, 
and  P,  G^;  and  the  edge  H^  G|  equals  G|  H»  H,  G,  and 
G,H,. 

Zb  draw  the  Rhombic  P^amid.-^Vnck  off  from  Fig.  301 
the  points  P„  P^  Hj,  H,,  G|  and  G,,  and  join  these  as  in 
Fig.  310. 

.^Mt.— The  prismatic  axes  join  the  opposite  ^four-faced 
solid  angles  of  the  rhombic  pyramid. 

J$jfmbele.-~''EYerf  hee  of  the  pyramid  cuts  the  three  axes 
Ti  P„  G|  G„  and  H^  H,  at  the  extremities  of  the  parameters ; 
the  symbol  which  cxprosses  this  relation  is  1  1  1 ;  Naumann's 
is  P ;  Miller's  111;  and  Brooke  and  Levy's  B. 

Paeiium  of  the  PdUe  of  the  Rhombic  Pyramid  on  the  Sphere 
€f  PniiectioHM — ^Pour  of  the  poles  of  this  pyramid  lie  in  the  same  parallel  of  north 
latitude,  and  four  in  the  same  parallel  of  south  latitude. 

Let  X  be  the  poUff  distance  of  the  pole  e^  (Fig.  307)  of  the  fkce  P^  H,  G^  (Fig.  310) 
from  P| ;  /I  its  longitude  from  G^  or  the  arc  GD,. 

^  Then  the  eight  poles  of  the  rhombic  pyramid  will  be'iwhere  the  north  and  south 
cirelea  of  latitude,  whose  polar  distances  axe  equal  to  A,  cut  the  meridians  of  longitude  m* 
180  —  ^  180  -I-  /i,  and  360  —  /I. 

A  If  a  and  3  be  the  imgles  given  in  the  first  andseeond  columns  (pages  417  and  418), 
Then  m  =  90  -  a,  and  tan  X  =  tan  /9  coscc  a. 


Fig.  810. 
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2b  deseribe  •Net/or  the  RhmMePyriumd. 

Draw  two  lines,  CG  and  CP  (Fig.  3U),-  at  rij^t  angjlea  to.  each  otiier ;  td»  CP 

Fig.  311. 

Fiy.  812. 

■°P7 

equal  CP  (Fig.  302),  and  GG  and  OH  equal  to  CG 

and  GH  (Fig.  802). 

Join  PH  and  PG. 

"v  / 

Then  (Fig.  312)  take  GH  equal  to  GH  (Fig.  302), 

^^ 

and  on  GH,  aa  a 

base,  describe  the  tiiangle  PGH, 

Fig.  S18. 

haying  itB  odea  PG  and  PH  equal  to  PG  and  PH 

(Fig.  311).    Eight  of  these  trianglee,  arranged  aa  in  Fig. 
net. 

313,  will  give  the  xequind 

Faces  parallel  to  the  Rhombic  Prism  whose  sffmJM  is\l\, 

with  the  following  jingles  for 

Aescbynite  . 

\  =  48M3' 

I*  =  63'40' 

Marcasite    . 

.   A  =  63'  y  fA  =  5S°  y 

AlBtonite     . 

A  «  56^  2V 

,i  =  5&»»' 

Mamagnine 

.    A  =  56'   y    ^  =  60*84' 

Aogleeite    . 

A  =  64«2;' 

^  =  51^49' 

Meagite 

.  A  =  4«»iflr  ^:=^9aP4er 

Antimonftilber 

A  =  5y»  20' 

tt  =  60'   0' 

Mesotype     . 
Miapidkcl     . 

.    A  =  2G'40'    |t  =  45'30r 

Antimonlte . 

A  =  53»2ir 

ja  =  45»2r 

.    A  =  64' 58'    ^  =  f5»8ff 

Aragonite    . 

A  =  53«44' 

M  =  58'    6'  ;  Niobito 

.    A»«'Mr    ^  =  50'2(y 

Baryte 

A  =  M^  18' 

M  =  50-  fiC     Nitre   .        . 

.    A  =  54°   r    M  =  «^2y 

Boarnonite . 

A  =  5i'40' 

^  =  48*50' f  Olivine 

.    A=  59^51'    fL=*T'   V 

Brookite      . 

A  =r  6^  4&' 

^  =  49'  55'  ,  Orpiment    . 

.  A  =  5S°83'  iL  =  sapssr 

Calcdonite  • 

A  =  «*»  17' 

^  =  47=30'     PhlUlpBitc   . 

.    A  =  45°   0'    ^  =  45'3er 

Celettine      . 

A  =  64' 22' 

^  =  52°   r     Polykraao    . 

.    A  =  45°   r    /i  =  70'  V 

Cenuaite     . 

A  =»  54^  H' 

/»  =  46'37'  1  PolTmignite 
It.  =  55^  57'  !  Rednithite. 

.  A  =  4£  ar  i^io^npiar 

Cbildrenite . 

A  =  4r»56' 

.    A  =  62'86'    ,t  =  5y»48' 

Chryaobcryl 
Cordierite  . 

A  =  5S»H' 

.    A  K  53' 47    ^r=inV 

A  =  47^  48' 

/*  =  59'35"  RoseUte       . 

.  A  =  57M2'  M  =  6ef»»r 

Cotunnite    . 

A  =  87°  64' 

/i  =  49'53' 

Sehulzita     . 

Unknown. 

Batholite     . 

A  =  88'  W 

11  =  5^38' 

SoofltKute 

.    A  =  54°S9'    fi  =  a9PJ^ 

Diospore     . 

A  =  4^  57' 

M  =  46'56; 

Stephanite  . 

.    A  =  5«'10r    la^K^Ur 

Epsomito    . 

A  =  39'   3' 

ti  =  45'  17' 

Stcrnberglte 

.    A=a9*  (T    M==59f»45' 

Fayaiito 

A  =  w  ay 

11  =  47°  aor 

Stabita 

.    A  =  4«»  V    |.«47*  r 

FluelUte      . 

A  =  72'   C 

it=48'54' 

Strontianitc 

.    A»54°ir    j«i=«58P40r 

A  =  67*  27' 

/I  =59^  45' 

StruTite 

.  \  =  ir  tr  *i  =  «r2y 

Glaserite     . 

A  =  46^  21/ 

^  «  60°  12' 

Balpbur      « 

.    A-eTl'ar    t^^Sff'W 

Go8larlte     . 

A  =  ;-0'   2' 

M  =  45'  21' 

Sylvanite     . 

.    A  =  47°   6'    ^=55P*r 

GOttatte       .       . 

A  =  41'  53' 

ti  =  47"  26' 

TantalHe     . 

.    A  =  45'51'    ^  =  S0f>46r 

Ilarmotomc 

A  =  44=  56' 

M  =  45'53' 

ThfMrdito. 

.    A«61°51'    ^s6r41' 

Harderite    . 

A  =  38'  41' 

|A=5  57°67' 

Tharmonatrlte 

.    A=72'56'    ^  =  fl9'59r 

Ilvaite        .       . 

A  =  38' 55' 

M  =  MP«r 

T»pftz  . 

.    A-68P4V    fi^ByVf 

Karatenite  . 

A  =  55'  50' 

ffc>r48°18' 

WaveUitA    . 

.    A  =  S9f>47'    itssMMy 

LeadhUlite  .       . 

A  =  68'  3(/ 

fi  =  6QfW 

Witherito    . 

.    A  =55' 24'  tL=^5ny 

libethenite.       . 

A«43P«' 

A=46'10' 

Wolfrmna     . 

.    A  =  8ri6'    ,1  =  50^6^ 

Manganite  . 

A  =  40'  11' 

M  =  4d'50' 

Feuee  of  tie  Jtiambie  Fyrmnid.—li  0  be  the  aag^  of  indiaation  ot  | 

two  facea^over  any  ( 

of  the  edges 

HG  (Fig.  310),  p  orer  the  ed^sa  PH,  and  ^  oter  t&c  | 

edges  PG,     . 

6 

=  2  X     cos  1  =  tan  iS  cos  X     sin  ^ 

_  tan /B  006  X 
tan  a 
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Seiived  BJumftbio  Pyiamidv- — From  the  rhombio  pyramid  juat  deicrlbed,  a 
series  of  rhombic  pyramids  may  be  deriredy  similar  ia  positioxiy  but  diSeriBg  in 
magnitude  from  the  fundamental  pyramid  fromi^hich  they  are  deEiyed*  These 
pyraxoida  may  conTeniently  be  divided  into  three  classes. 

]>eiiT«d  Xhonabio  S^nramld  of  th»  I*l»t  Glass, — ^This  pyramid  is  derived 
from  the  fdndanMBtai  pyramid,  by  makiiig  the  vertical  axes  CPj  and  OP,  (Fig.  801) 
equal  to  m  times  the  parameter  CP  (Fig.  302)^  vrhere  m  may  be  an^  whole  nmnber,  or 
fractiooi  gn«ter  <x  Um  than  unity. 

S^mbola.-'The  symbol  for  this  pyramid  is  1 1  m ;  Nanmann's  si P ;  Miller's  hhl\ 

and  Brooke  and  Levy's  B*' 

Inclination  of  Faces,  Position  of  Poles,  S^e. — ^If  the  symbols  a,  i8,  \,  fi,  $,  ^y  and  ^ 
represent  the  same  angles  as  in  the  ease  of  the  fundamental  pyramid, 
u  ^  (90'  ^a)    tanX^fiitan/9  eoseo  a 
a  ^9^     .w-*  — .«♦•«  A^A-i      ^  j^_^tan/3cosA. 

9  S3  2A.        cos  ;r-  =  f»  ttJk  fi  COS  A         Sm  7;   3S  flt    — -- 

2  2  tan  a 

The  poles  of  this  pyramid  always  lie  in  the  two  zones  D|  P^  D,  and  D^Pj  D4 
(Fig.  307);  being  between  the  points  P  and  G  when  m  is  less  than  unity,  and  between 
C  and  D  when  n  ia  greater  than  unity. 

Jfiacea  parallel  to  the  following  Pyramids  of  the  First  Class  have  been  observed  in  nature. 

The  form  1  1  i ;  i  P  Naumann ;  ^  1  8  MiUsr ;  B*  Brooks  and  Levy. 

Baryte      .       .  X-14'34'    /t  =  50^50' 

The  form  1  1  ^  ;  ^  P  Naumann ;  1  1  6  Miller ;  B'  Brooke  and  Lc^^. 

Anffleaite  .       .  k  =  ir  23r    ft  :^  51"  i9r 

The  form  1  1  i;  ^  P  Naumann ;  1  1  5  Miller;  B^  Brooke  and  Levy. 

Baryte      .       .    X=:2J'M'   ^  =  50^60'   |   Sulphur    .       .    K=^ZV  6'    i$.  =  50'iV 
The  form  11};  i  P  Naumann ;  1  1  4  MUler ;  B«  Brodso  and  Levy. 

Baryte      .       .    A  =  27''r'    |A  =  5<r5(r   ]   Sylranlte  .       .    A  =  15'  4'    fi  =  55'24' 

Celestine  .       .    A«aP81'   0l=z5%   V        Topaz        .       .    A  =  20' 56'    /*  =  62^  ICT 

Stromcycrlte    *   A  =  25' 44'   |i  =  59^48'   | 

The  form  1  1  i ;  i  P  Naumann ;  1  1  3  Miller ;  B^  Brooke  and  Levy. 


Antimonite  .  A  =  25' 58'  /t  =  45«2S' 

Bvryte      .  .  A.  =  M^4a'  |i  =  50»50' 

Celestine   .  .  A  =  34M7'  ^  =  52'   1' 

Ceruflslte   .  .  A=  24^50'  ^  =  58' 37' 

Karstenite  .  A  =  26- 10'  m  =  48M8' 

Be<lrutlxitc  .  A  =32' 44'  |i  =  59'48' 


Sulphur     .  .  A  =  45»  8'  ft  =  5<y>5fK 

BylTanite  .  .  A«]9'44'  |i  =  &5^24' 

thenardito  .  A  =  31' 56'  /A  =  64^4r 

Topaz  .  A-srS**  r  jiaSa^lV 

Wolfram   .  .  A  =  24' 85'  /t  =  50'53' 


The  form  1  1  § ;  J  P  Naumann ;  1  1  2  Miller ;  B'  Brooke  snd  Levy. 


.    Aftfrleaito  . 

A  =  4e=»ir  ^  =  di«4ir 

BednitUto        .    A»4S»5i'    M«5ff*48' 

A  =  88^  58'    fi  =  60'  or 

Seoradite  .       .    A  =  86'  1'    /*  =  29'  5y 

Baryte 

A  =  4S^   8'    fi  =  50'5(y 

Stephanite        .    A  =  S2'46'    u  =  5r50' 

BournoBite 

A  =  88' 14'    u  =  40'5O' 

StronUanite      .    A  =84' 49^    ii==MPiff 

BrooUte    . 

A  =  86M5'    ^  =  4D'55' 

Stromeyeritc .  .    A  =  48' 57'    ,*  =  59*48' 

Cerussite  . 

A  =  34^46'    u  =  58'87' 

Sulphur     .        .    A  =  5«'86'    fi  =  50»5V 

Cordierite.       . 

A  =  28' 58'    fi  =  59P8y 

Sylranite  .       .    A  =  28'  17'    fi  =  55'  24' 

Olaserite  . 

A  =86^  54'    ^  =  80*12' 

Topax           .  K^is^nr  pi^trw 

Karttcnite 

A  =  86'AS'    fi»48P18' 

Witherite.       .    AaS5'5(r    j^  =  MP  1« 

LcadhiUitc 

A  =  51'4e'    fi  =  60M0' 

Thefonnllf; 

{P  Naumann;  22  3 

Bliller ;  bI  Brooke  and  Levy. 

Caledoaite 

A  =  54'10'    |i  =  47'80' 

ChiUnsits       .    As 37' 25'    i^ssWSt' 

The  form  1  1 1 ; 

$  P  Naumann ;  4  4  5 

Miller ;  B^  Brooke  and  Levy. 

StroDtlanite 

A  =  43'.  3'    it=ii^40r 
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BrooUte 
DttthoUte 


The  form  1  1|;  {PNaunuum;  4  4  3Hmer;  B^  Bit>6ke  and  LeTj. 
Prehnita  .       .    X^UPiy   ^sMPST 

The  fonn  1  1  };  |  P  Kaonumn;  3  3  2  tffller ;  B*  Brooke  and  Levy. 
StronttoaiU     .    k^91P%¥  n=zMP4ff  |  Sjltmaite  .       .    X^StflT   i^^SSPif 

The  fonn  1  12;  2  P  Nanmaiin ;  22  1  Miller;  B^  Brooke  and  Levy. 
Alfltonlte  .       •    Xs7r  V   0L  =  sriff  I  Stephimite        •    ks^npiff   /iL^irssr 
Ar.7rir    j»=43'5y       Steraberglte     .    A«7rir    «i  =  50»4$' 

The  form  1  1  8 ;  3  P  Naitmaim ;  3  3  1  Miller;  B^  Brooke  and  Leyy. 
H«rderite.       .    k  =  eriSr   |is5r>5r   I   Strontiaiiito     .    A»76°sr    ti,:=5tP4sr 

The  form  I  1  4;  4  P  Naumaim;  4  4  1  Miller;  B^  Brooke  and  Levy.' 
DAthoUte.       .    A  =  7r45'    fi  =  510  38'    I    Prehnite   .       •    As79MS'    fi  =  49>sr 
Uetdevlte.       .   As 72^39^    0L^i7'*bl'   \   Strandiudte     •    k^TTISr    fL^iS^W 

The  form  118;  8  P  Nanmann;  881  Miller;  B^  Brooke  and  Lery. 
StnmtiMiito     .    X^ieSt    iL^SSP4ff 

l>«iiT«d  mhonable  Vyiamid  of  tlM  S«eond  OUsa^— This  pyramid  i^SoiTed 
from  the  fundamental  pyramid  by  making  the  yertical  axes  CPj  and  GP,  (Fig.  301} 
equal  to  m  times  the  parameter  CP  (Fig.  302) ;  whero  m  may  be  any  vhole  number  or 
fraction,  equal  to,  greater,  or  less  than  unity ;  and  the  lesser  horizontal  axes  CH^ 
and  CH,  (Fig.  301)  equal  to  n  times  the  parameter  GH  (Fig.  302),  where  fi  may  be 
any  whole  nnmber  or  fimotion  greater  than  unity. 

/^yniMv.— The  symbol  for  these  pyramids  is  1  tim ;  Naumann's  m  P  ii ;  Miller's  hi  I; 

»  *  1       m(n  *  I) 

Brooke  and  Levy's  B»  B»-»  G    *«    . 

IneKnaiion  of  Facts,  Porition  of  Pokty  S^c.—lt  the  symbols  a,  /9,  X,  /i,  «,  ^,  and  ^ 
represent  the  same  angles  as  in  the  case  of  the  fundamental  pyramid, 

cot^  =  »tana     tanA  =  mtan/9sec|i     9  =  2a. 


tan0cos  A 


j^  __  m  tan /9  cos  A 
2""«       tana     ' 


Four  of  the  poles  Ej,  E,,  £,,  and  £4  (Fig.  307)  lie  in  the  same  cirde  of  north 
latitude,  and  the  other  four  in  the  same  circle  of  south  latitude,  each  within  one  of  the 
spherical  triangles  GPD. 

F<Ma  paraOelto  the  following  Pgramitb  of  th$  Second  Claot  hav  boon  oherpod  w  ntUurt. 

Theformlf  2;  2  Pf  Nanmann;  87  4MiUer;  B^  B^*  gV  Brooke  and  Levy. 
BrodUte  .       .    A=se9»6r   M  =  4<r  V 

The  form  1 1 2 ;  2  P  |  Nanmann;  4  3  2  Miller;  B^  B'  G)  Brooke  and  Levy. 
BrooUte  .      .   X  =  Wfff  ii^AlUr 


TheformlK;  |P (Nanmann;  3  2 

OlWiiw      .        .    A»65»ir    fi«85'>3y 


2  Miller ;  B^  B*  G^  Brooke  and  Levy. 
I   StooroUto.       •   As=60'S7'    |is=M^I7' 


The  form  1 1 3 ;  3  P  (  Nanmann ;  3  2  1  Miller;  B^  B»  G^  Brooke  and  Levy. 
Aaar  a  ^  =  4o»  er 

4Miller;  B^  B*  Gi  Brooke  and  Levy. 


The  form  12};  }  P  2  Naumann ;  2  1 
Barjte       .       .    XsziTdff   ^  =  31''33' 
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The  ton  1  2  f ;  IP  2  Nftunaim ;  2  1  3  Miller;  B>  B>  Gti  Brooke  and  Levy. 
Antimonite  .  Xs  37^21'  iit^VPiV  I  Topu  .  .  A  =  41°  4'  ii  =  4aP  20* 
BylTUiite  .       .    A  =  2ff'42'    ,i  =  84'5(r   | 

THe  fonn  1  2  1 ;  P  2  Naumann ;  2  1  2  Miller;  B*  B^  G^  Brooke  and  LeTy. 

Angtalte  .       .    X»5e>Al'   ^sS2»3r  I   CelestiM  .       .    A  =  50°43'   |»sS2»88' 
Aragonite.       .    \^4iPi5'    |ft«S8»4y       Chrraoberyl      .    AB4r88'    |i  =  5«P47' 


Baryte      .       .    A  =  6r»  C    ;t  =  Sl»sy       BathoUte  .       .    X:=W»W   ^  =  82»17' 
BrookiM    .       .   X  =  4riV   it^iV'ir  |   LeadhlUite        .    k  =  MPKf   ix  =  iV  V 

The  liorm  1  2  { ;  f  P  2  Naumann ;  6  8  5  Miller ;  B^  B'  G^  Brooke  and  Levy. 


The  forml  24 ;  4  P  2  Naumann;  4  2  1  Miller;  B>  B'  G«  or  E,  Brooke  and  Levy. 
DatlMlite    .       .    Xs67o  y   |is83»17' 

ThelbnnliS;  }P|  Naumann;  522MiUer;  B^  B^  G^  Brooke  and  Levy, 
ootbite     .     .  x^itPbt  jtasrsr 

The  form  1  V  i;  i  P  V  Naumann;  14,5,  18  Miller;  B^  bV  oK  Brooke  and 
Lew. 

The  form  1  3{;  |P  3  Naumann;  8  18Miller;  B^  B*  G^  Brooke  and  Levy. 
BjlTuita     .       .    X=14«27'    ^  =  2y»47' 

The  form  1  3  {;  {P  3  Naumann;  3  15  Miller;  B^  B>  G^  Brooke  and  Levy. 
OdestlBa  .  .  k-WW  |i«2r>  7'  I  Topaz  .  .  Xs=8S»dr  |t»82<'16' 
Solphur    .       .    A»5(P54'    il  =  %V2V  \ 

The  form  1  3  | ;  $  P  3  Naumann;  3  14  Miller;  B^  B'  G^  Brooke  and  Levy. 
Bonmonito       .^AsS5<'Sr   j»s]9>ftf   |  SylTanite  .       .    \»WW   yi^tSPAV 

The  form  18  1;  P  3  Naumann;  3  1  3  Miller;  B^  B^  G^  Brooke  and  Levy. 
AntiaMOfUber  .  X 8  37^47'  p^^W  V  \  Salphor  .  .  Xs6l»  0"  #is 22*22' 
Cdaatlne   .       .    X  =  »4<»22'    m  =  M'  ?'   I 

The  form  1  3  | ;  |^  3  Naumann;  8  12  Miller;  B^  B>  G^  Brooke  and  Levy. 
Bwrte  .    Xs 64049^   uss22oiy   I   Sylraaita  .       .    As 49° 81'    ^  =  25'* 47' 

Oal^a  .       .    A  =  6g»5a   |i«2S<>  V   \ 

The  form  13  3;  3?  3  Naumann ;  3  1  1  Miller ;  B^  B*  G^  or  E, Brooke  andLevy, 
Oordkrite.       .    k^WlV   ^^VSPiV   \   Polykraw.       .    AssM^'lB'   |i  =  42?29' 

The  form  1  V  5;  5  P  V  Naumann;  10,  3,  2  Miller;  B'  bV  gV  Brooke  and 
.Lery. 


Braoklto    .       .    X«72?4y   |i  =  19f»87' 


INORGANIC  NATURE.— No.  XV.  *  ' 
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Thefbrml  Jf;  i^'^Naumaim;  722MiUer;  B»  fit  G<  Brooko  an*  Levy. 
Brookite    .       .    A  =  74°   1'   jt  =  l8^4y 

The  form  1  4  1 ;  P  4  Naumann;  4  1  4  MiUcr ;  B'  B*  G^  Brooke  and  Levy. 
Cclntiao  .       .    A»59>2S'    ii^l7'*4»'  I   LeatUuUite        .    A  ::=  M*  TT   fisSTST 
Harmotome      .    ArsSS^S^    fi  =  ll'2;'   | 

Tlie  form  1  4  | ;  |  P  4  Naumann ;  4  1  3  Miller ;  B^  B^  G^  Brooke  and  LeTj. 
Celestine   .        .    A  =  69'23'    ii^ll°4Sf    |    Topaa        .        .    A=M=»2r    ^=*29»ar 

The  form  1  4  2;  2P4Naamann;  4  12Mlllar;  B^  B^  G^  Brooke  and  Leyy. 

Anglcsite  .        .    X  =  73^   7'    ^  =  17'  38' 

The  form  14  4;  4  P4  Naumann;  4  1  1  Miller;  B^  B^  Gt  Brooke  and  Levy. 
DfttholUo  .       .    X  =  64°8S'    fi  =  17^82'   |    Smithsonlte      .    A  =  68<'4y    /i  =  ir43' 

The  form  1  f  f ;  fPf  Naumann;  9  2  2  Miller;  B^  bV  gV  Brooke  and  Levy. 

Theforml5  5;  6P5Nanmann;  5  11  Miller-,  B^  Si  G^  Brooke  and  Levy. 
Brookite    .       .    A=78°22'    |t  =  X3P22'    |   Datholite  .       .    A«68^48'    M«MPir 

The  form  1  6  2;  2  P6  Naumann;  6  1  3  Miller;  B*  B^  G^  Brooke  and  Levy. 
Niohito      .       .    k  =  VlP4ff    ,L=lV'2!r 

Bevived  BJionbic  TyravdA  of  the  TliivA  GlMa.—T1iiB  pyramid  is  derived 
from  the  fundamental  pyramid,  by  making  the  vertical  axes  CPj  and  CP,  (Fig.  301) 
equal  to  m  times  the  paxametcr  CP  (Pig.  ^2),  inhere  m  may  be  any  iH^ole  imiBber  or 
fraction,  equal  to,  greater,  or  less  than  unity ;  and  the  greater  horixoDtid  axes 
GGj,  CG,  (Fig.  301)  equal  to  n  times  the  parameter  CH  (Fig.  802)  where  n  may  be 
any  whole  number  or  fraction  greater  than  unity. 

5ymMf.— The  symbol  for  these  pyramids  is  fi  1  m;  Naumann's,  m  P  «  ;  Miller's, 

>  »1       m(H*  1) 

hkl;   Brooke  and  Levy's,  B»  B«-i  H    21.    . 

Inclination  of  Faces,  position  of  Foles,  S^e, — ^If  the  symbols  a,  jB,  A,  ft,  9,  ^,  and  rff 
represent  the  same  angles  as  in  the  caie  of  the  iundamantal  pyranud, 

tan  M  ^  n  cot  a     tan  As—  tan  fi  bcq  /i 
n 

•  =  2;i     COS  f  =  - tan  IB  COS  A    ^t^^^EJjEtK 
2       ft  2  tana 

Four  of  the  poles  /„  /„  f„  and  /«  (Fig.  307),  lie  in  the  same  circb  ef  norUi 
latitude,  and  the  other  four  in  the  same  circle  of  aoath  latitude,  whoee  pdar  dkitnocir 
are  both  equal  to  A,  each  within  one  of  the  spherical  triangles  DPH. 

Faces  pardUd  to  ihefolUysing  Pyramids  of  ^  Third  Ckus  have  been  obterted  m  naturt. 

Thefonnfl4;  4P$  Naumann;  3  4 1  Miller  ^  B^  F  H^  Brooke  and  Levy. 
Smithsonitc       .    A  =  70=  42'    fA  =  4»'3y 

Theform^lJ;  JPf  Naumann;  236Miller;  B^  B»  H*  Brooke  and  Levy. 
BroohitQ    •      .    K^tafiff   pi  =  W^ 

The  form  gl};  }Pf  Naumann;  234  Miller;  B^ B> H^ Brooke  and  Levy. 
Anglcsite.       .    A  =  64M8'    ^  =  62^20' 

Theformf  1|;  jPf  Naumann;  232Miller;  B»  B*  H*  Brooke  and  Levy, 
Brookite    ,       .    A  =  62' 37'    ^  =  60''42'  |    TaataHte  .       .    Aas«»48'    /i^CPMr 
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Tbelbrmf  If ;  f  Pf  Kaixmann;  4 6 2 M iUer ;  B^ B>  H^ Bnx^  and Lery. 

Tliefonn21  1;  P2Naumaim;  122  Miller;  B^  B»  H*  Brooke  and  Levy. 


Boumonito 
Datholite  . 
Diaspora  • 
Fayalite     . 


A  =  46^  34' 

A  «  84*  11' 
A  =  34^  68' 
A  =  54"   4' 


^  =  C4°52' 
^a68«34' 
,t=64»57' 
^  =  65'  12* 


GSthiU      . 
Manguifte 
Montioellite 
Oliviue      . 


.  Aasff*  r  ^  =  65^  ay 
.  A  =  55'  (/  fL  =3  eer  27*^ 

.    A  =  54=^15'    ^  =  65°   1' 


Tbefona212;  2  F  2  Nauxnaim ;  12lMilleri  B^  B^  H^  Brooke  and  Levy. 


Boomoiiite. 

Ceruaaite  . 
Chrraoberyl 
]>altioUte  . 


A  =  64' 40' 
A  =  74''  18' 
A  =  68^  28' 
A  =  63^W 


|ia64P52' 

pis79>4er 
#ia66'24' 


Epaomite 
Ilvaite 
8mitfa5onit« 
Tantalito  . 


A  =  52»   y  ^  =  6J»4a 

A=;:54*86'  ^=71»   ff 

A  =  52' 57'  /A  =  68^38' 

A^fid'Sy  |*«6r42' 


TkeftrmSli;  4P2NaQnia]in;  241Mm«r;  B^ B« H^  or  A»  Brooke aad  Levy* 
HaUkwertte    «   Ae6«P4r   lisftru' 

The  fonn  811;  T^  3  Nanmann ;  13  8  Miller ;  B»  B«H»  Brooke  snd  Levy. 

Manganite        .    A  =  38' 51'    ^  =  74M7' 

ThefotmSl};  I^SNaamann;  132MiIler;  B^ B* H>  Brooke  and  Levy. 
Baryte       .       .    A  =  68*' 14'   ^  =  74^48'  I   Mispickal  .       .    A  =  69P4y    »  =  77«ir 
Dath^te  .       .    A  =  44^25'    ^  =  75"  13'  |   ByWanite  .       .    A  =  W  56'    fi  =  7r»  y 

Thefonn313;  3P3Naumann;  ISlMiUer;  B^  B' HS  or  A^  Brooke  and  Levy. 
G6thite      .       .    A=s6ri6'    /i  =  72»59' 

TheformflS;  3f  f  Kaunuum;  231Miller;  B^  B»  H^  Brooke  and  Levy. 
Smithaottito     .    Ab64"M'   |trs62°27' 

The  form  4 1 1 ;  P4  Naumann;  14  4  Miller;  B^  B*  H*  Brooke  and  Levy. 
OUTine     .       .    A  =  dr»'    ft  =  76"  54' 


I  8p1ieiiold^-.The  JRhombic  Sphenoid^  or,  IrreguUr  T^traUdrony  ia  a 
hsmiktdral  form^  deriyed  firom  the  i/wJblt  four-faefd  rhombic  pfframid,  by  the  develop- 
ment of  half  its  faces.    It  ia  bounded  by  four  equal  and  dmilar  triangular  faces,  each 

i!iee,  sadi  as  B^  B,  B^ 

(Fig.  314),  or  B4  B, 

B5  (Pig.  8l«),  being 

a    scalene    triangle. 

This  solid  has  frar 

tiiree-fkeed  solid  an- 

gles,  B„  B»  £^  B, 

(Fig.314),andByB4, 

BsjB,  (Fig.  315),  each 

equal  to  one  another; 

the    six    edges    are 

equal  to  one  another 

in  pairs. 

A  sphenoid  may 

he  derived  from  every 

one  of  the  pyramids 

previously  described^ 
To  draw  the  Bhomlne  Sphenoid.— Tif^.  301  being  drawn  with  axes  P1P9  HiH„  and 
G^Gji  of  the  requisite  lengths  for  the  pyramid ;  the  points  B^,  B,^  B|,  and  B^  being 


Kg.  314. 


Fig.  315. 
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pricked  off  and  joined,  as  in  Fig.  314,  will  ghre  the  |wmMm  tphmmd^  and  <be  poialE 

B„  B4,  Bs,  and  B„  joined,  as  in  Fig.  815,  viU  give 
the  neguth*  tphmmd. 

2b  Daeribe  a  Ifet  for  the  Skomiic  Sphmmi.- 
Let  P6H  (Fig.  312)  be  the  iaoe  of  the  pynrnd 
from  which  the  sphenoid  is  derired;  a  triangle, 
each  of  whose  sides  is  twice  the  corTesponding  side 
in  P6H,  will  be  a  Uc^  of  the  derived  sphenoid; 
and  fimr  snch  fkces,  arranged  as  in  Fig.  816,  vili 
form  the  required  net 
Prinolpftl  Gombliuitloiifl  of  tlM  PilmiAtie  Bystom.— Fig.  317.  CbaiMM^ni 

of  a  double  four-faoed  rhombie  pyramid  wiih  the  faeee  of  the  right  reetanfttiar  prim. 

Oj  facet  of  ihiepyramul;  ft,  fSu»s  of  the  doao/ ptfMMoub  00  00 1 ;  OPNaumann;  OOlMiDer; 

P  Brooke  and  Levy ;  replaoing  the  solid  angles  P,  and  P,  (Fig.  310)  of  the  pyraoaid  hj 

planes. 

e,  faooB  of  the  braAjf-pmaeoOe  1  00  00 ;  00  P  oo  Naumann ;  1 0  0  IGUer ;  G  Brooke 

and  Levy  ;  replaciDg  the  solid  angles  G^  and  G^  (Fig.  810)  of  the  pyramid. 


Fiff.sia. 


<2,  faces  of  iha  maero-pmaeoide  <*>  1  oo;  00  PooKaamann;  OlOMiller;  HBrooln 
and  Leyy ;  replacing  the  solid  angles  Hj  and  H,  (Fig.  310)  of  the  pyramid. 

Fig.  318.  Combination  of  the  double  four^faeed  rhombie  pyramid  with  the  faeee  of 
the  right  rhombie  priem  of  thefiret  order. 

If  a,  a,  &o.,  represent  the  feom  of  the  rhombic  pyramid  whose  symbol  is  1 1 1 ; 
P  Naumann ;  1 1 1  Miller ;  B  Brooke  and  Leyy ;  or  of  the  pyramid  Hot,  mPKanmami; 

A^Jt  Miller;  B^  Brooke  and  Levy;  ft,  ft,  Ac.,  will  represent  iJie&ces  of  the  prism  1 1«; 
00  P  Naumann ;  1 1 0  Miller  \  M  Brooke  and  Leyy ;  replaoing  the  edges  HG  (Fig. 
810)  of  the  pyramid. 

ItOfOy  &o^  represent  the  faces  of  the  pyramid  nlm;  m  F  n  Naumann ;  ft,  ft,  Ae., 
will  represent  the  jGmob  of  the  prism  n  1  oo ;  oo  Fn  Naumann. 

If  0,  a,  See.,  represent  the  &cee  of  the  pyramid  Inm;  «i  Pn  Naumann ;  ft,  b,  ke^ 
will  represent  the  faces  of  the  prism  Im  00 ;  00  P 11  Naumann. 

Fig.  319.  Combination  of  the  pyramid  with  a  right  rhembie  priem  of  the  eeeeni 
order. 

If «,  <^  &c.,  represent  ftces  of  the  pyramid  1  1  m ;  m  P  Naumann ;  ft^  ft,  ftc,  will 

represent  tiie  fecea  of  the  prism  1  00  m ;  m  P  00  Naumann ;  replacing  tde  edges  VQ 
(lig.  310)  of  the  pyramid. 


Digitized  by  LjOOQiC 


COMBINATIONS  OF  THB  PBI8IUTIC  BTBTEX. 


437 


In  a  simiUr  maimer  the  fuea  of  the  priam  oom  I ;  nii oo  Kaamami;  wiU  itplace 
the  edges  PH  (Fig.  310}  of  the  pyxamid. 

Fig.  820.  OhuMmIim  of  tJU  pr^omid  wUhjprimi  o/iki'JIni  md  mimd  order*. 


Fiff.  819. 

3,  hcM  of  the  rhomhio  prism  of  ihie  seoond  order  1  eo  m;  mP  oo  Nanmann; 
replacing  the  solid  angles  P|  P,  (Fig.  810)  of  the  pyramid  a,  a,  d»^  whose  symbol  is 
11m';  si^  P  Naumann— where  m^  is  less  than  m. 

«,  fues  of  the  rhombic  prism  of  the  first  order  1  «i  oo ;  oo  P  m  Naumann ;  replacing 
the  solid  angles  Oj,  G,  (Fig.  310),  of  the  pyramid  a,  a,  &c.,  whose  symbol  is  1  f^  m ; 

m  P  M*,  where  n'  is  less  than  «i. 

d^  faoes  of  the  rhombic  prism  of  the  first  order  »'  1  oo;  oo  PnKaumann;  replacing 
the  solid  angles  H|  H,  (Fig.  310)  of  the  pyramid  o,  o,  d».,  whose  symbol  is  f<  1  m; 
m  P  «^  Nanmann,  where  i^  is  greater  than  n. 

Fig.  821.  'Ombmaium  of  the  p^amid  with  th$  pritmi  of  the  eeeemd  tmd  third 
ordere. 

b,  fiuMS  of  the  prism  of  the  third  order  eo  1  m ;  m  f  oo  Kaunann;  replacing  the 
solid  angles  P|,  P,  (Fig.  310)  of  the  pyramid  o,  a,  Ac,  whose  symbcA  is  1  «i  m\  or 

m'lP  uNaomann:  otnlm' ;  m^^n  Nannumn,  where  m'  is  greater  than  m. 


Vlff.  811.  Flg«  ttS. 

Cj  iaces  of  the  prism  of  the  second  order  1  oo  m;  m  P  oo  Naumann ;  replacing  the 
solid  angles  G|  O,  (Fig.  310)  of  the  preceding  pyramids,  where  mf  is  less  than  m. 

df  fkcea  of  the  prism  of  the  third  order  oo  1  m ;  m  P  oo  Naumann ;  replacing  the 
solid  angles  H|  H,  (Fig.  810)  of  the  same  pyramids,  where  nf  is  leas  than  m. 

Fig.  322.  Omhmatione  of  rhombic  pyramide. 

Of  fv^>^  of  the  p3nnmiid  1  «i  m ;  m  P  »  Naumann 
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i,  faees  of  tiw  pTrnoiid  1  »  ff^ ;  fnT  P  m  Kaamami ;  replftehtg  the  n^d  mgles 
Pi  and  P2  of  the  pyramid  a,  a,  &c.,  with  a  foar^Uioed  soUd  angle,  where  n^  is  lea 
thanm. 

e,  faces  of  the  pyramid  1  «  to"  ;  to"  P  #»  Naumann ;  bereling  the  edges  H6 
(Fig.  310]  of  the  pyramid  a,  a,  &c,  where  m"  is  greater  than  m. 

The  same  figure  shows  the  combinations  of  the  pyramid  »  1  m;  w P  »  Kanmam; 
with  the  pyramids  n  1  m' ;  m'  P  «  Kaumann,  and  n  1  m^  ;  w"  P  if  Kaumaim  mider 
■imilar  conditions. 

Figs.  323  and  324.  Otmbinati^fia  of  the  prism  of  thejktt  ordsr  wUh  oikm^Jbrms, 


Fig.  323.  Of  ftew  ol  the  pzisma  1 1  09 ;  a»  P  Namnaim. 

by  faces  of  the  basal  pinacoid  00  00  I ;  0  P  Namnann. 

Oy  faces  of  the  prism  1  oo  1 ;  P  oo  Kaumann. 

df  hem  of  the  prism  ft  1  00 ;  co  f  n  Naumann,  * 
Fig.  824.  a,  faces  of  the  prism  m  1  00 ;  00  P  n  Nauioann, 

h,  faces  of  the  basal  pinacoid,  oo  go  1 ;  0  P  Naumann. 

Cf  faces  of  the  Inaohy  pinacoid,  1  00  «;  00  P  00  Naumaim. 

dy  iacei  of  the  pyramid  1  1  1 ;  P  Naumann. 


FIFTH  SYSTEM — ^THE  OBLIdUE.  ' 

This  system  is  called  the  oblique,  because  its  forms  may  be  demed  ficom  t)io  obliqoe 
prtsn,  or  oblique  octahedron  on  a  rhombic  base.  It  has  abo  been  celled  tbe  rmmodmh 
hedriCy  hemiprismatie,  hemiorthotypey  dmorkombic,  h§mihidrie'rhombiey  voAttBOaidms- 
iMMnwiHR*  system. 

The  forms  of  this  system  are  the  ohfigtu  prism  on  a  reeiangtUarUtsei  two  <ndeis  of 
prisms  on  rhombie  bases,  a  series  of  right  prisms  on  oblique  rhombic  bases,  and  the  Mined 
or  oblique  double  four-faced  pyramid  0r  itett^sdron  m  a  rhombio  hue.  ^ 
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MphMbetieal  list  of  mineraU  btlongmg  to  ik$  OMiqtit  J^atfffN,  trkh-tits  mfiilsr  ekmrnU^fron 
wAiek  their  typical  forma  and  mx9»  mt^  be  deriieed,  Bltmke  are  left  im  the  caeee  where 
the  anffvlar  elements  have  net  bun  determined. 


Aleeiiti 

AUuiite      .  .63 

Amphibole  (bomblende)  .'50 

Annabergite      (aneniate  of 

nickel)                .  .  65 

Arffvteiatte  .M 

Aoffite  .4f 

BaiTtocalcite  .  61 
BietaiteCnIplHteof  ookalt)  .  31 

BotTTOgea  ,  .63 
Bragationite 


Broiudte  . 
Backlandite 
Chea^ia  (taUn  earbQiwtB  et 

CTCUBcnte  •  p  . 

IHallnge      . 

Epidotc      . 

BrythruM  <o*Mt  Mooio) 


» 


y  « 


51   15  35  45 
24  17  77  is' 


53  57 
24  27 

9 

41 

6 

54  29 


9 
S5 

50  24 
0  41 
0  44 
5 

25 


59  Ih 
77  13 
65  41 
53  27 
50  ZV 
62  41 


51  30  35  48 


24  18 
51   41 


45     4:47  17 


of 


Pelspar       .  . 

FfeoerbleBde 

Freieslcbenite  (sulpharet 
ailTcr  and  sntimony] 

Oaylossito  . 

Glauberite . 

Gjpsum  (salphate  of  limtO 

Heterosite  . 

Henlandite  • 

Httmlte 

Hiirennlite . 

Hyperstene 

Johannite  . 

KflrmM  (red  anUnony) 

Ktaprothine  (laznlit) 

minoclase  (oblique  prismatio 
aneaiate  o(  ooppar) 

KSttigtte    . 


5021 
43  51  41 
9^53  5r 

21 

50  20 


62  85)53  51 


41  56     5 

50  27  48 

23i30  53 

52  1G28  16 


53.47  32 
0  36  48 
43|25  14 

50,24  19 
161  28 


53  5: 


65  41 

35  17 

58  4 

65  41 

35  17 

59  12 

63 

50  34 


50  75 


64  1 
55  15 
5S  10| 
71  5l| 

73"l»i 

37  43 

52  sol 

65  41i 
41  13 

50  10 


56  12  33  IS 


:9  12 


Lawnonlte . 

[.ttlMnajintte  (ehromate  oTIead) 

LepidoUte  . 

Llnarlte  (capreoofl  salphate  of 

lead)    .  .  ., 

Lmmite  (hydrou^oavhateo/ 

copper) 
Vai^rtte  . 
Makchite  (graen  oarbonatc  otf 

copper) 
Melanterite  (sulphate  of  iron] 
Miargrrite  . 
Mica 

MtraUlito  (aalphata  eC  eoda) 
Monazito    . 

Katron  (caTbonate  of  soda) 
Pargaaite    . 
PharmacoUta     (arseniate 

lime)  . 
Placodine  . 
Plagionite  . 
Realgar   (red    snlphnrct 

arsenic) 
Rhodonite  (siliciforous  oxide 

of  manganese)    . 
Rhyaoolite . 
Scheei-GTlte 

SoolMtite  (needlestone) 
Sphene 
Spodnmene 
s^i^plesite . 
Tincal  (borate  of  soda) 
rriphyune  . 
Trona 

Vauquelinite 

Vivianite  (phosphate  of  iron) 
Wagnerlfea  . 

Whewellite  (oxalate  of  lime) 
Woolaetonite  (tabular  spar) 
Zoisite 


46  37  58  4166  48 
288  5959  29 


74  25 
64  2S 


31  6848  47 
40  241  84 


25  105 _ 

57  5549  50  46  88 
"36  54 f 


39  20 


28  9050  26 


25  32 


ID  46 

86  88 

54  42164  46 


58  54 


i56  52  2S  8 


50  8624  8777  t8 

.54  5828  1673  50 
.84  5088  1658  5 


17  37 


78  8340  834S  tt 

49  8024  9^65  41 
66  87 


69  5919  . 
34  27  60  27 
49  5060  40 


80  41 
54  19 


71  2 


50  2963  19 


7  72  20 
68  8 
65  S3 


52  33 


54  2 


54  13  54  22 


63  25 
36  47 


48  20 


44  42 
70  32 


82«  4  87  44^9  24 


50  35 
56  8 
50  89 


TlM  ObU«v«  Beotaaigulav  Fiism.-*Xiie  eby^ue  redsngiilar  priflzn,  oif  fhe 
oblique  prism  on  a  reotangulfir 
baae»  is  m  solid  bovnded  by  aU 
faces;  two  of  these  faces  (Fig.  325), 
BiB^B^JB*  and  B»]^B,fi»sre 
equal  and  similar  rectangular 
poraUelograma;  two  otber  faces, 
BiBj^tB.  aodBtB^B,3,,are 
also  equal  and  aiiiukr  netai^^tilar 
parallelograms,  differing  in  magni- 
tude fiom  tba  £omer  pair ;  aad  tiie 
remaining  sidea^  B|  B«  Bg  B»  sad 
B3  B,  ]E^  Byr  ave  eqaal  and  aiailar 
oblique  parallelograms. 

Ihifl   £ann  is  aoir  gnsvally 
zefaidedaaaoonbisiatxiiiadrtltne  7lf.885. 

open  forms,  each  consisting  of  a  pair  of  parallel  faces,  aood  siimetiiaes  appearing  1^ 
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itself  in  oombinatitm  with  other  forma  without  the  other  two.  B|  B,  B,  B4  and 
fi,  B,  B^  B,  are  then  called  the  basal  pituuaidt,  B|  B4  Bg  B5  and  B,  B,  B,  Be  the 
elino^nacoid;  and  B^  B,  Bg  B5  and  B4  B,  B,  B|  the  criho-pinaeoida, 

Ax9S  of  the  Oblique  Priam  and  Oblique  i%«im.-— Bisect  the  edges  B^  B^,  B,  B^  ftc., 
Fig.  326,  by  the  points  Mj,  M^  M,,  and  M4 ;  the  edges  B|  B„  B|  B,,  &c.,  by  the  potnts 
E^,  £„  £3,  and  £«;  and  the  edges  B^  B^,  B,  B,,  &o.,  by  the  points  Ai,  A^  A,,  and  A4. 

Join  Ml  M,  H3  and  M4 ;  E^  £^  and  A^  A,  cutting  in  Pj ;  and  £>  £4  and  A,  A4 
catting  in  P,. 

Bisect  Ml  M,  and  M4  Ms  in  (>i  and  G, ;  and  also  Mi  M4  and  M.  M,  in  Hi  and  H^ 

Join  Pi  P^  H|  H^  and  Gj  G^  cutting  each  other  in  C. 

Then  P,  F„  H^  H,,  and  Gi  Gy  are  the  three  axee  of  the  priem,  and  also  of  the 
oblique  ajfatem. 

Pi  P^  is  called  the  eMef  or  principal  axis;  H|  H,  and  Gi  G,  (lie  aeeondmy  osw* 
Hi  H,  is  the  orOuh-diagonaly  and  Gj  G,  the  eUno-diagonal  of  Naumann. 

Pi  P,  and  Gi  G,  are  inclined  to  one  another,  at  some  angle  greater  or  less  than,  but 
neyer  equal  to,  a  right  angle ;  H|  H,  is  perpendicular  to  both  Pi  P,  and  Gi  Gs,  and 
consequently  to  the  plane  in  which  they  lie. 

VMianvUn.— The  semi-axes  CPj,  CGj,  and  CHi,  are  the  parameiersoi  the  oblique 
system ;  the  length  of  CGj  is  perfectly  arbitrary,  but  its  length  once  chosen,  the 
magnitude  of  CPi  and  CHi  for  any  particular  mineral  depends  upon  the  angular 
elements  previously  given. 

To  determine  GP  and  CH.    Draw  CG  (Fig.  326)  of  any  conyenient  length. 

Then  if  a,  i9  and  7  be  the  three  angles  given  as  the 
angular  elements  of  any  particular  substance, 

Draw  OP  making  an  angle  equal  to  180**  —  {a  +  $) 
with  CG,  and  through  G  the  line  GP,  making  an  angle 
equal  to  fi  with  CG. 

Let  CP  and  GP  meet  in  the  point  P ;  through  C 
draw  CL  perpendicular  to  PG. 

Then  (Fig.  327)  draw  CL  equal  to  CL  (Fig.  826). 

Fig.SM.  Pig.M7.       xhr^u^h  c  draw  CH   perpendicular   to    CL,    and 

through  L,  LH  making  an  angle  equal  to  y  with  CL.  Let  H  be  the  point  where 
CH  and  LH  meet. 

The  lines  CG,  CH  and  CP  thus  determined  are  the  partmeUre  of  the  oblique 
system. 

It  appears,  therefore^  that  in  the  oblique  system  one  axie  onlf  ie  perpendieular  to  the 
other  two  ;  and  the  three  parameters  are  unequal. 

To  draw  the  Oblique  Beetangular  Prism.—jyn.w  B,  B5  (Fig.  825)  equal  to  twice  CG 
(Fig.  326).  Through  B,  draw  B,  B7,  making  an  angle  of  about  SO""  with  3^  B, ;  make 
Bg  B,  equal  CH  (Fig  327),  through  B«  draw  Bs  B«  equal  and  parallel  to  B.  B,,  join 
BrB,. 

Through  B,  draw  B,  B4  equal  to  twice  OP  (Fig.  326),  and  making  the  angle  B4  B,  B. 
equal  to  the  angle  PCG  (Fig.  326) ;  through  B5,  B^  and  B,  draw  B.  Bp  B«  B.,  and 
Bf  B„  each  parallel  and  equal^to  Bg  B4.  Join  B^  B„  B,  and  B4,  and  the.pzism  wiU  be 
represented  in  perspectire. 

Symbols,— Bach  Cue  of  the  oblique  rectangular  prism  euti  one  of  the  three  axes,  at 
a  distance  from  their  centre,  equal  to  the  length  of  one  of  the  parametea,  and  ss 
paraUel  to  the  other  two  axes. 
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Tho  two  batal  jrinaeoida  B^  B,  B,  B4  and  B,  B,  B^  B,  cut  the  azia  P^  P,  in  tho  points 
Pj  and  Py  and  are  parallel  to  the  azea  H^  H,  and  6,  G,. 

The  eymbol  vhioh  re- 
psvaentB  the  relation  of 
these  ftces  to  the  axes 
is  00  00  1. 

Naumann's  symhol  ia 
OP;  Miller's,  001; 
Brooke  and  Levy's  modi- 
fication of  Haiiy  is  P, 
when  they  regard  the 
oblique  rhombic  prism  as 
the  piimitiTe  form  of  the 
crystal 

The  two  9rth0'pm&' 
afidt  B|  B,  Be  Bf  and 
B4  B,  B,B.  out  the  axis 
G,  6,  in  the  points  G|  and 
G9  and  are  parallel  to 
the  axes  H|  H,  and  P,  P,. 
The  symbol  which  repre-  Fig.  jog, 

seats  this  relation  is  1  00  ao . 

Kallmann's  symbol  is  ooP  00;  Killer'slOO;  Brooke  and  Levy's  H. 
The  two  duKhpmaeaida  Bj  B4  Bg  B,  and  B,  B,  B,  Bj  cut  the  axis  Hj  H,  in  the 
p<^ts  Hi  and  Hy  and  are  parallel  to  the  axes  Pj  P,  and  G,  G^    The  symbol  which 
represents  this  rdation  is  00 1  00 . 

Nanmann's  symbol  is  (ooP  ao) ;  Miller's  010;  Brooke  and  Levy's  G. 

7b  d$ienbe  a  Ifei  far  th4  Obligu$  Bickmgyiar  iVwrn.  —  Describe  a  parallelogram 


Fig.  829. 


Flf.saa. 


B,  B5  Bi  B4  (Fig.  828)  equal  and  simikr  to  B,  B»  B|  B4(Fig.  335).    Thioogh  Bj  draw 
Bj  B^peipendicdar  to  B^  B^  make  B^  B,  equal  to  twice  CH  (Fig.  827).    Through 
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B«  draw  B»  Be  perpendicular  to  B|  B„  nuddng  B,  B«  equal  to  B,  B,,  and  join  B,  B^ 
Through  Bg  draw  Bg  F  perpendicular  to  Bg  Bg,  and  equal  to  B^  Bg,  and  thnnigli  B., 
Bs  D  parallel  and  equal  to  Bg  F.    Join  FD. 

Then  arrange  two  parallclograma  equal  and  similar  to  each  of  l3ie  paralldegnmia 
Bi  B5  B,  B4,  Bj  B2  Be  B5,  and  Bg  Bj  CD,  as  in  Fig.  329,  and  the  reqirired  net  iriD  1>e 
conBtructed. 

Spheze  of  Pxojeetion  fox  the  Oblique  System.— To  draw  a  map  of  the  sphere 
of  projection  for  the  oblique  system,  with  C  (Fig.  330)  as  a  eentre,  and  any  conTement 
radius  00^  describe  a  circle  Gi  P,  Gj- 

Let  ?!  C  P.^,  and  G^  C  G,  bo  two  diameters  intersecting  one  another  in  sncfc  a 
manner,  that  the  angle  P^  C  G^  is  equal  to  a  +  /3.  Then  G,  the  north  pole  of  ^e 
hemisphere,  may  bo  taken  as  the  pole  of  the  elino-pmacoid  B,  B4  B9  B,  (Fig.  325), 
Gj  and  G,  aa  the  poles  of  the  ortho^inacoitUt  and  P|  and  P,  as  the  poles  of  the  Acas/ 
pinacoids. 

Crytials  of  the  fottowing  minerals  present  faces  parallel  to  th$  Basal  Pmaeoids  oo  ao  1 ; 
0  P,  Naumann ;  0  01,  Miller;  P,  JSrooke  and  Levff.  The  angle  is  the  kntgituda  ef 
the  pole  P,  frofn  Gj. 


Allanite 

Amphibole 

Auffito    . 

Barytocalcite 

Bicbcrite 

Botryogcn 

Bragntionite  . 


BronEite 
Bucklanditc 
Cheesy  lite 
Bpidote. 
XuelaBe . 
Febpar  . 
FreieslebeniU 
Gayluaite 


.  114'  55' 

Glanberite     . 

.    68M6' 

MonaxiU       . 

.  7e»i4' 

.        .    75»   V 

Ilculaodlte    . 

.    91°  25' 

Pargaaite 

.  75^  r 

.    78«59' 

Humite . 

.  10(y>48' 

PharmaooUte 

.    W14' 

.  102«2G' 

Johanmte      . 

.    84"  28^ 

Plaxionite     • 
Realgar . 

.  7a'iar 

.    75«»  6' 

Kcmes . 

.    8r»45' 

.  iis'sy 

.     ,nnv 

KUprothinB  . 

.  MMy 

Rhodonite     . 

.  rrw 

.114^55' 

KUnocIase     . 

.    80' W 

Khyacolite     . 

.  116«   6' 

.    »fl»J<r 

Lehmannitf!  . 

.  78»  r 

Sphene  . 

.    94^54' 

.     73=59' 

Lepidolite»  undetermined. 

.  iicpwr 

.  114"  5y 

Unarite 

.  lOr  45' 

Tincal    .       . 

.  vxrzsr 

.        .    9SPW 

Lnnnftc 

.  9(y  c 

Triphyllne,  undetermined. 

.  115^24' 

Malaohit*      . 

.    6V*iSr 

TanqvcliBUe 

^^ 

.     .  n"  V 

Melanteritc    . 

.    75^40' 

Vivianite       . 

.  108' 3y 

.  116*    7' 

Miargyritc     . 

.    8P36' 

Wagneritc     . 

.  lor  r 

»      .  8r4r 

Mica 

.    8(y    1' 

WhcwcUite    . 

.  lorisr 

.    78«2r 

Mirabilite      . 

.  I07My 

Woolastonlte 

,    GQPW 

Bronzite 

Kpidote 

Felspar 

GayluBite 

StMOertts 


The  following  present  Cleavages  parallel  to  this  form. 


Hnmito 

XJinoease 

LehBuuinite 

LepidolUr 

Uaarito 


Malachite 

MelantsriU 

Mica 

MirnbiliU 

MsnasiU 


Btsalgar 
Rhodonite 
RhvaeoliU 
Bpbene 


TriphjfliM 
Wagnerite 
Wbewellite 
Woolaatonite 


IPaees  parallel  to  the  Ortho-pinaeoids  1  00  ao  ;   00  P  oo  Naumann ;  1  0  0  MiOtr ; 
H  Brooke  and  Ltm/,  occur  in  Crystals  of 


Acmite 

Algerite 

Allanite 

Amphibole 

Angite 

Bragiitionite 

Brewateritc 


BuaUandiU 


Epidoto 
Erythrine 
Enclase 
TMspar 
•  Fracrblende 
Freiealebenite 
Oaylnaite 

OIWdMBlftl 

Of 


Hnmite 

Hareaulite 

Hyperatene 

Kermea 

Klaprothine 

Klinoclaae 

Lanmonite 


X«inanto 
Lmmlta 


Malachite 

Rhodonite 

Melanterite 

RhyaeoUte 

Miargyrile 

Scoleaite 

Mirabtlite 

Spodnmeoe 
Tincal 

Monasite 

Natron 

PUoodlne 

YiTianite 

;»*•—• 

Wh«iierite 
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Tk$  foUtwinf  prmtA  Cletmagu  paralM  to  thi$  form. 


Aemlte 
Amphlbole 
Augite 
Brewsterlte 


ChMjlile 


Bpidote 
Erythriaa 


Orpsam 
nypentene 


LftQinonlte 

L«hmaniilto 

LimmriU 

Loimitc 

MiargyHta 


Mirabilite 

Monazite 

PUcodlne 

Realjfar 

Khouonite 


8pod\ 

Tlncal 
Vivianlte 
Wagnerite 
Woolastonite 


Faaa  parallel  to  the  Clino-pinacoids  ooloo;    (ooPoo)  Nawnann ;    010  Miller  ; 
G  Brooke  and  Zevy,  occur  in  Crystals  of 


Acmite 

AJfferito 

Amphibole 

Aniutberglte 

ArfTecUonite 

Augite 

BotxTOgen 

Brewsterlte 

BroAxito 

CheasyUte 


Epidote 

Erythrine 

EuelaM 

Felspar 

Feaerblende 

Orpaum 

neulandite 

Humite 

Hfperatene 

Johannite 


maprothino 

Mica 

Soolezito 

KOttlgite 

Mtrabllite 

Sphene 

Laumonite 

Monazite 

Spodumcnc 

Lehmanulte 

Natron 

Symplcaite 
Tincal 

LepidoUte 

Pargasilc 

Liuaritc 

Fhurmacolite 

Triphyline 

Malachite 

Realgar 

VlTianite 

Melaaterite 

Rhodonite 

WheweUite 

Miargyrite 

Rhyaooltte 

ZoiBitO 

Tk$  fiUowing  prtsent  (Ueava^  paralM  to  this  forn^ 


Aemite 

Amphibole 

Jbim$hergUe 

ArfTedaonite 

Aug4te 

MrmesteriU 

Bronzile 


Srfthruke 

Saelass 

FeUpar 

Gifpsum 

JtnlmulUs 

Hjperatene 


KoUigite 
Laumonite 
Lepidolite 
McUaokUc 

MirahiUte 


Monaxite 

Rhyacolitc 

Natron 

ST' 

Parga«te 

Pharmacollte 

Triphyline 

Rivlffar 

VMamte 

^f(\UiV(^i\A 

Oblique  Rhombic  TiAam,  «f  tbe  SVni  <lsd«z.p— The  oblique  rhombic  prism, 
or  the  oblige  prism  on  a  rhombic  base,  is  a  solid  bounded  by  six  faces,  four  of  -which 

OTO  similar  and  equal  oblique  parallclo- 
grams,  such  as  Aj  IR^  E3  A3  fPig.  331 )» 
and  the  other  two  are  similar  and  equal 
rhombs. 

This  prism  is  generally  r^axded  as 
an  open  form ;  the  four  oblique  paral- 
lelograms are  then  considered  its  fiices, 
Mid  the  two  rhombs  which  indMe  it  the 
boMl  pinaeoidt. 

To  Ihvw  the  Oblique  Jthemiie  JPrism, 
— ^Plck  off  the  points  A|,  Ay  A3,  A^, 
E,,  EL,  Ej,  B4,  from  Fig.  S2d;  join 
these  points  as  in  Fig.  331,  and  the 
prnm  will  be  represented  in  perspdctire. 
Symboh.^EaGh  face  of  this  prism, 


Flg«3SL 


eonsidflred  fts  an  open  ibnn,  cnts  two  of  the  axes  0|  O,  (Fig.  325)  and  Hj  H,,  at  the 
oztreuHtiai  of  their  parameters)  and  is  parallal  to  tho  third  axis  P^  P,.  The  symbol 
representipg  this  property  i(s  1  1  oo ;  Naumann's  is  00  P,  Mffler's  110,  Broolce  and 
Levy's  M. 
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To  Dtteribs  a  Ketfor  the  ObUque  Mombie  IHun  of  ik$  ¥ini  Orvbr.— Bisect  B.  B, 
(Fig.  328)  and  F  D  by  the  pointo  A,  A4,  also  the  lines  BtDandBeFhyEjaiidKi. 
g  Join  Ey  A,,  £«,  and  A4 ;  then  ^  A,  E,  A4  -will  be 

the  rhomb  which  forms  the  base  of  the  prism. 

Through  B5  (Fig.  328)  dzair  B,  K  perpendiciilar  to 
B4Br    In  BfB,  take  B«L  equal  BftK.    JoinB^L. 

Then  (Fig.  332)  drair  M  N  equal  B,  L  (Fig.  328X 
M  P  perpendicular  to  M  K 
and  equal  B«  K  (Fig.  328). 

Join  P  K,  and  bisect  it 
inQ;  produce  PM  toB, 
and  make  P  B  equal  BfiBj 
(Fig.  325).  Through  Q 
draw  Q  8  parallel  and 
equal  to  P  B ;  and  join 
ES. 

P  Q  B  8  will  be  one 
of  the  four  oblique  paral- 
lelograms forming  one  of 


F!g.  SSS. 


the  Bidos  of  the  prism.    Four  such  parallelograms,  and  two  rhombs  equal  A4  E,  A,  £4, 
arranged  as  in  Fig.  333,  will  form  the  required  net 

ToU%  of  the  Oblique  Rhombic  Priem  of  the  Firtt  Order  on  the  Sphere  ofPrqfeeiion,—Tbid 
four  poles  of  this  form  lie  in  the  zone  or  meridian  G|  C  G,  (Fig.  330) :  two,  Aj  and 
A,  (Fig.  330),  where  the  cirde  of  north  latitude,  whose  polar  distance  from  0  the 
north  pole  is  A,  cuts  the  aone  0,0  0,;  and  two  where  the  drde  of  south  latitude, 
whose  polar  distance  from  the  south  pole  is  X,  cuts  the  same  zone«  X  is  detennined 
from  the  formula — 

tan.  X  =  sin.  fi  tan.  y  coaec  (a  +  /3)> 

where  a,  0,  and  <y  are  the  three  angles  previously  given  as  the  angular  elements,  fer 
the  substance,  whose  poles  for  this  form  are  required. 

JPdlet  fforaOel  to  the  ONique  Rhomhic  Priem,  1  1  00;  00  P  Namuum:  110  JfiZfer; 
M  Brooke  and  Levy^  oeew  in  the  feUawng  Mmerale.  I^  emgU  ie  the  emgle  X, 
lehieh  detemUnet  the  Latitude  of  their  Poke. 
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— r -— -— ^---— —— — — ^^— ^-^^^— — — — — — — ^— — ^— 

The  ftUo^tnig  pmmU  CUtivagea  paraUU  to  ikit  pritm, 
AemUe  Fdapar  Lanmonite  FurgaMU  SphoM 

AmmMoU  Freieitobtnita        lekmanniU  Plaoodino  Spodamna 

ArftidimU^  GaphutiU  LepidoUte  Bealgv  Tlnoftl 

A110U0  OUuberlte  Melimtaita  Bhodonlta  TriphyliiM 

Botffeam  Hypentette  Miea  Scotemt«  WhewelUte 

CbMKjm  Jflbumita  Natnm 

ONiqw  RhomMc'Prims  derivei  from  the  ONiqui  Hhomhie  PHem  ofihs  lint  Order 
1  I  €Of  bjf  nmetumg  the  wU  GHi,  or  the  OrthoeUa^oHal  HiH,. — ^These  prisms  will  be 
nmilar  in  magnitade  and  position  to  the  prism  1  I  oo  (Fig.  331)  from  whioli  they  are 
derlTed,  hot  will  differ  in  magnitnde.  To  drair  these  prisms  and  describe  their  nets, 
we  mnst  make  H|  H,  (Fig.  325}  eqnal  to  » times  the  parameter  GH  (Fig.  827),  ▼here 
M  may  be  any  whole  number  or  fraction  greater  than  unity.  Making  this  alteration 
in  Fig.  825,  the  points  A,,  A^  A,,  A4,  and  E^,  £,,  E,,  ^,  will  giro  the  angular  points 
of  the  derived  prism.  From  Fig.  826  so  alta«d,  the  net  for  the  deriTed  prism  may  bo 
obtained  in  the  way  described  for  the  prism  1  1  00 . 

Ihe  symbol  which  represents  the  relation  of  this  derived  prism  to  the  axes  of 
the  obliqne  system  is  1  «i  00;  Naumann's  is  00  P  n;  Miller's  kho;  Bzooko  and 

Levy's  H"-i. 

Pontion  of  the  Poles  of  these  derived  Prisma  on  the  Sphere  of  Prt!feeiiom,^The  tout 
poles  of  these  prisms  lie  in  the  cone  or  meridian  G^  G  6,  (Fig.  330).  Two  where  the 
cirele  of  north  latitude,  whose  polar  distance  from  G,  the  north  pole,  is  X,  outs  the 
sone  0|  G  Gy  these  poiats  dj  and  3,  always  lie  between  A|  G|  and  A,  G, ;  the  other 
two  poles  win  be  where  the  circle  of  latitude,  whose  south  polar  distance  is  A,  cuts  the 
same  aone.    X,  is  determined  from  the  formula 

tanA  =  fi8in/3tan<y  cosec  (a  +  /3). 

Fiuee  peereXUiioikefoUowing  forme  ofthees  Priems  htne  been  observed;  the  msgU  given 
for  ieeh  Mmeral  ie  A. 
The  fonn  1 1 00 ;  oo  P  |  Kaumaan ;  4  3  0  Miller;  H'  Brooke  and  Levy. 

EndaM.       .       .    64° S4r  |  FreiM]«benite       .    6e» S4' ( BMlgar  .    45»2a 

The  form  1 1 « ;  00  P  {  Kanmami ;  8  2  0  Miller ;  H*  Brooke  and  Levy. 

ChesBTUte     .       .    SO^SyiBuetan.       .       .    68»  sy  I  Plaoodiao      .       .    4S»2r        v 
Biytlirine     .       .   9y>  y  |  Lahnumita  .       .    5r  r  |  Wtgnertte    .       .    MRiST        \ 

The  Ibrm  1  2  oo ;   oo  P  2  Naumann ;  2  1  0  Miller;  H'  Brooke  and  Levy. 

Amphibole    .       .    69oiy    BadaM  .      .  .  79«  17' I  Realffsr  .  .  W*Z^ 

Lebmaanita  .  .  64«  MM  Wagnsrite  .  .  6A»  SS" 

MirtbUite      .  .  22«MK    Zoidto   .  .  .  72»4i' 
SOoftr 

Botryogen  has  a  cleavage  parallel  to  this  fonn. 

The  fonn  1  f  « ;  00  P  f  Nanmann ;  6  2  0  Miller ;  H^  Brooke  and  Levy. 

Bcalgar.       .  .    61»14' 

The  fonn  1  3  oo ;  oo  P  3  Naumann ;  3  1  0  Miller ;  H'  Brooke  and  Levy. 

Aomhibole    .  .    80»  8M  Freicflebenita       .    78°  MT I  PbarmaeoUte        .    79*  ST 

Anglte  .       .  .    70»4(r    Miargyrite     .       .   iS^  ly    ViTianita       .       .    77«  7' 

Fatopar.       •  .    S9»2y| 

ONigueEhemhiePrieme  derived  flwn  the  Ohligue  Prieml  1  co ,  bg  inereasing  the  axis 
GOjy  or  the  CliHo^iagonal  G163.— These  prisms  also  will  be  similar  in^  magnitude  and 
podttoik  to  the  prism  1  1  «  (Fig.  831),  from  which  they  are  derived ;  they  may  be 
drawn  and  their  nets  described  by  maUng  GG|  and  CG^  (Fig.  325)  equal  to  n  times  the 
pommeter  CG  (Fig.  826),  where  n  may  be  any  whole  number  or  fraction  greater  than 
unity. 


BodyoMn    .       .400  57 
ChewyUte     .       .    67<>  4r 
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RIGHT  PRISM  OH  AN  OSLIOCTS  SHOMBIO  BABE. 


THo  symbol  wiiioh  represents  the  rdatkm  of  the  derired  prion  to  the  axes  of 
the  oblique  system  is  n  1  « ;   Naumann's  is  (oo  P  m)  ]  Miller^s  hko,-  Bzooke  and 

Levy's  €h-*. 

Positwfi  of  the  Poles  of  these  derived  Pritme  oit  the  Sphere  of  Prqfeetum. — ^The  four 
poLos  of  these  prisms  lie  ia  the  zone  or  meridian  G)CG,  (Fig.  390),  two  where  thA  circle 
of  north  latitude,  whose  polar  distanoe  front  C,  the  north  pole,  is  X,  outa  the  aone 
G|CGr, ;  these  points  d^  and  df  always  lie  detween  GA,  and  0A« ;  the  other  two  poles 
will  be  where  the  circle  of  latitude,  whose  south  polar  diataneeis  A,  onti  the  aameaoMw 
\  k  determined  from  the  formula 

tan  X  =  —  sin  iS  tan  y  cosec  (o  +  0). 

Facet  pwaUd  to  the  foUeteinp  forms  of  theee  Priems  have  been  oUerved  ;  the  mt^h  fieemfer 

each  Mineral  ieX, 
The  form  f  1  oo ;  (oo  P  f)Nanmann ;  6  6  0  IGIler;  6^^  Brooke  and  Lev^. 

FMieStebenite       .    ftPSr 
The  form  4  1  qo  ;  (oo  P  f )  Naumann ;  3  4  0  Miller ;  G'  Brooke  and  lawj, 

Eryihrine     .       .    47«    C 
The  form  }  1  •» ;  (»  P  i)  Naumann  j  2  3  0  Miller ;  G<  Brooke  and  Lery. 

Bealgar        .       ,    W  iV 
Tho  form  f  I  oo ;  («  P  ^)  Naumann;  3  5  0  Miller  \  G«  Brooke  and  Lery. 

FreieBlel)enitQ      .    4S«  39" 

The  form  2  1  oo ;  (oo  P  2)  Naumann ;  1  2  0  Miller ;  G^  Brooke  and  Levy. 

Augite  .  .  .  2S»  2y  I  Grpsum  .  .  36^  IS'  I  Honaxite  .  .  37«  51' 
Brewsterlte  .  .  61"  4^  Lehmftudte  .  .  »>  ^  |  Wagaerite  .  .  W*  47' 
Chessyllte     .       .    80*  Sy  1  Lunnite         .       .    19*  a^  |  Whewellil©    .       .    81»    3* 


Freicslebenite  and  Wagncrite  hare  deavagea  parallel  to  this  form. 

The  form  3  1  oo;  («>  P  8)  Naumann ;  1  3  0  MiSer;  G*  Brooke  and  Levy. 

T  Sphene    .       .       .    SS»   1' 
'-    -  .    17»ur 


( 


Amphibole 
Augite  . 


Sr  21'  I  Barytocaldte 
l}o  gy  I  Oypton 


ir»  27' 1 
70*    Vl 


Bight  Prism  o»  «b  Oblique  B.hoMM«  Bnw«4^Thi8  prism  haa  two  faces 
:Vf  A^  Mj  M|  (Fig.  SS4)  A3  A4  M3  M4,  which  ate  atnilar  «id  equal  rectangular  paral- 
lelograms,  two  other   fkces  A^  A,  M|  M4  and 

Mj  Mj  A4  A,  also  rectangular  paraUeLograma,  and 
similar  and  equal  to  each  other,  all  indoeed  by  the 
two  faces  Aj  M|  A,  H4  and  M,  A,  M,  A4  which 
are  similar  and  equal  oblique  parallelogiams. 

The  four  rectangular  parallelograms  are  the 
faces  of  this  prism  when  it  is  regarded  as  an  open 
form ;  tlio  oblique  parallelogranis  which  isdoee  it 
are  then  the  faces  of  the  elino-pinacoid& 

The  four  faces  of  this  prism  out  the  tvo  axes 
P,  P,  and  G,  G„  in  the  poinU  P  and  G,  and  an 
paraUel  to  the  third  axis  H,  H,  (Fig.  S25). 

The  two  faces  A|  A,  M,  M,  and  M4  M,  A4  At  an 
caUed  (he  peeUive;  and  Ai  A«  M4  M»  M,  M,  A«A« 
the  negative  ortho-domee. 


ng.  9M. 
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To  draw  thia  prism  we  have  only  to  prick  off  the  pointfl  A|,  A^  A^  A^,  £i,  ^  £3, 
and  E4  (Fig.  325),  and  join  them  as  in  Fig.  334. 

Sytnbol8,^-^he  Bvmbol  which  represents  the  relation  of  this  prism  to  the  axes  of 
the  oblique  BjBtem  is  1  00  1 ;  Naumann's  is  P  oo,  Miller^s  101,  Brooke  and  Levy's 
0»,  for  the  poMlive  ortho^damet ;  and  1  «  1,  —  P  00  Naumann,  10  1  Miller,  A»  Brooke 
and  Lcry,  for  the  negative  ortho-domes. 

Net  for  iJie  Right  Prism  on  an  Oblique  Rhombic  ^m0.— Describe  two  oblique  rhombic 
paztlldogn^ams  simflar  and  equal  to  A^  Mi  A^  M4  (Fig.  334),  two  rectangular  parallclo- 
grama,  having  their  breadth  equal  to  \  V  ^ 

Ai  Mj  and  length  to  twice  M^  A,,  and  \  \ 

two  other  rectangular  parallelograms  of  \  \ 

^e  same  length,  but  haying  their 
breadth  equal  to  H^  A3  ;  arrange  these 
six  parallelograms  as  in  Fig.  335,  and 
the  net  will  be  constructed. 

Position  of  the  Poles  of  the  Prism  on 
«t  Obliqm  Rhombic  Base  on  the  Sphere 
of  Projection, — ^The  four  poles  of  this 
prism  always  lie  in  the  equator,  B^Pi  £^ 
Fig.  330,  the  poles  of  the  positive 
ortho-domes  between  Pi  Gj  and  P,  G^ 


L 


J 


Fig.  S35. 
the  arc  61  E^  being  equal  to  the  are  Q^  £, ;  F^,  F,  the  p(to  of  the  negative  ortho- 
domes  between  P^  6,  ^^  ^t  ^u  the  are  G^  F^  being  equal  to  G,  F,. 

To  detennine  Hie  longitude  of  E^  from  G^,  we  have  the  following  formulss : — 

If  ^  be  such  an  angle  that  tan  ^  =  sin  /3  cos  (a  -\-  ff)  cosec  a, 

And  fi  snch  an  angle  that  cot  fi  =  sin  4>  cosec  (45^  -)-  ^)  sin  45^  tan  (a  -f  ^]. 

Then  longitude  of  Ej  equals  /t  -f  o  -}-  /5  —  90. 

To  determine  the  longitude  of  F^,  we  have 

tsn  ^  s— ai]LiBoos(a  +  ^)  eowe  a. 

And  cot  M  =  siA  ^  coeec  (45°  -)-  ^}  sin  45°  tan  (a  -^  fi). 

Faces  paraM  to  the  Right  PHsm  on  a  Rhombie  Rase  have  been  observed  m  the  foUotoing 
Mimrabi  ike  angle  ie  thai  of  tkeir  bngUuie. 

The  form  1  00  1 ;  P  oo  Naumann;  10  1  Miller;  0^  Biooke  and  Levy. 


AUuite 

.    MOW 
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.   itofor 
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..  fiiFsy 
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Hatnm 

.    6»^B9 

Augite  . 

.  49°  so* 

Humite 

64»  (y 

Placodine 

.    64»56' 
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Bieberittt       . 

.    6P    V 

Johannite     . 

a*'  1' 

Bealgmr 

.  730  sy 

.    81*»   C 

Kermes 

7r  er 

Khyacollte 

.  65' sr 

Botr]K»gen     . 

.  «»»  y 

KlaprotWne 

29»jy 

Sphene 

.  H^tr 

Bragationite 

.    63^25' 

Klinoclase     .       . 

24'  18' 

Triphyline 

.    undet. 

CheaayUie      . 

.    450   y 

Lchnumnittt  •       • 

asp  af 

Vauquelinite 

.    andct. 

Epidote 

.    63M3' 

Melantcrite  . 

3l<'  53' 

Vivianite 

.       .    &eiV 

Erythrine      . 

.    S5»   y 

Miarpj-ritc    . 

40O   2' 

Wagnerite 

.  nsp^ 

Eaclase         . 

.     49^17' 

Mirabilite     . 

67^  55' 

WhcweUite 

.    8eM7' 

Felspar 

.    89»40' 

Eudlase  has  a 

cleavage  parallel  to  this  form. 
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The  foim  1  oo  1 ;  — P  oo  Naumaim;  10  1  Miller;  A'  Brooke  and  Lerj. 


Amphlboto  .  •  108".  y  HTpentheno  .  105<*  7' 

Augite         .  .  10S«   r  KlaprothiBe  .  )49>4y 

Barytocaloito  .  IH^iT  Lehmsimite  .  128«U' 

Bieberite     .  .  lS8»Sr  MeUnterlte  .  137«S8' 

ChetsyUto    .  .  187«  IV  Miarffyrito  .  .  ISP  46' 

Gypsum      .  .  118»  i«r  Monasite     .  .  126»  8' 


PlAoodine 
Bphene 
Triphyline 
ViviAnite 


lS0»8r 

iio»  y 

148»28r 
nndeC 


Barytocalcite  hu  a  cleayage  punllel  to  this  form. 

ViisBis  deiiT«d  from  the  Bisht  Prism  on  sa  Obliquo  Rhombio  ] 

By  making  CP|  and  CP,  (Fig.  325)  equal  to  m  times  the  parameter  OP  (Fig.  326) ; 
and  from  (Fig.  325)  so  altered  deriving  a  prism,  as  in  Fig.  334,  a  new  series  of  prisms, 
similar  in  form  and  position,  but  differing  in  magnitude  irom  the  prism  (Fig.  S34), 
may  be  formed. 

m  may  be  any  fraction  or  whole  number  greater  or  less  than  unity. 

The  symbols  for  these  prisms  will  be  +  1,  oo,  m;:fmPoo  Naumann ;  ho  k,or 

m  m 

'Ko  k  MiOer;  and  0^  or  A^  Brooke  and  Lery,  according  as  the  ortho-domes  are 
positiye  or  negatiye. 

The  formulsB  for  detsnuining  the  hmgitade  Ibr  the  poles  of  these  prisms,  ^diich  all 
lie  in  the  equator,  are, 

tan^=s  +  msini3ooa(a  +  i3)  ooeeo  a 

oot  fi  =s  sin  ^  ooeec  (45  +  ^)  sin  45  tan  (a  +  i9) 
and  longitade  equal  to  fi  +  a  +  ^  —  90. 

Facet  partUM  U  thea$  thrived  FtUmty  foUh  ih$  fotlawwg  tmgln  for  dtUrmmmg  the 
Longitude  of  their  Foles,  have  been  obeerved  in  nature. 

The  form  1  oo  ^ ;  ^  P  oo  Naumann ;  1 0  8  Miller ;  0*^  Brooke  and  Levy. 
CheHyUte     .       .    84<' 5y  |  Unarito  .    99°  Iff 

The  form  1  oo  ( ;  ^  P  oo  Naumann ;  1 0  5  Miller ;  Oto  Brooke  and  Levy. 
GheasyUte     .       .    90^9r 

The  form  1  oo^  ;  ^  P  oo Nanmann ;  1 0  8  Miller ;  Oi  Brooke  and  Levy. 


BnoUandita  . 

.    98«S8'    Kermcfl.       . 

,lorv\  Meltnterite   . 

.    5#»4e' 

Epidote .       . 

.    W*i6r    KUprothine  . 

.    58«  SC  I  VlTianite       . 

.   89»  y 

Erythrine     . 

.   89' 6y 

Erythrine  has  a  deavage  parallel  to  this  form. 

Theformloo};  |PooNanmann;  2  05  Miller;  oi  Brooke  and  Levy. 
Woolaitcmita       .    49»  ISr 

The  form  loo};  }  P  oo  Naumann ;  102Miller;  0*  Brooke  and  Levy. 
Bnntfamita.       .    89"  68"  I  Epidote .  .    89"  27' |  Lunnite         .       .    70*84' 

GhoMyUta     .       .    04P  2y  |  Laumonite    .       ,    W*4ff\  Bphene  .       .       .    ft5»  ST 

The  form  1  oof;  }  P  oo  Naumann ;  2  0  3  Miller;  oi  Brooke  and  Levy. 
F^lepar.       .       .    8l»M'|Unarite  .    88»  4^  |  Woolastonite        .    4ff*  7 

The  form  1  oo  ^ ;  |  P  oo  Naumann ;  5  0  6  Miller ;  oA  Brooke  and  Levy. 
IJnaxite        .       .    79PS9r 

The  form  1  oof;  4Pqo  Naumann;  403  Miller;  0^  Brooke  and  Levy. 
Felaptr.       .       .    ftS«4y|Hvnite        .       •    M»S9r 
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The  form  1  oo  f ;  f  P  oo  Naumann ;  3  0  2  Miller ;  o4  Brooke  and  Levy. 

AUsnite         .       .    S4«  SO"  (  ChewyUte     .       .    tS"  21"  |  Epidote .       .       .    45°  8r 
The  form  1  oo 2;  2  Poo  Naumann ;  2  0  I  Killer ;  0*  Brooke  and  Lery. 


Bngmtkmite. 
Cheasflite 
Epidote 
Felspar  . 
GayluMite 


S4«10' 

S4°ar 

51«  bV 


Healmndite 
Hnmice 
Lehmaonfte  , 
Unarite 
.MirftbUlte     . 


25<»2y 

40«37' 

2*»5y 

51°  54' 

32°  ac 


Plaoodlne 

.    «'^15' 

Realgar 

.    44=*  r 

Rhyaoolite     . 

•    84°  88' 

ViTianite       . 

.  iSPTsr 

Woolaa^ita 

,    10=  sv 

The  form  loo  3 ;  3  Poo  Naumann  ;  3 0 1  Miller ;  0^  Brooke  and  Levy. 

Bragationite .       .    22°  22' |  ChoaayUte     .       .    IS*  1' |  Miar^te    .       .    17*88' 
The  form  I  oo  4 ;  4  P  oo  Nanmaxm ;  4  a  1  Miller ;  0«  Brooke  and  Levy. 

Homite.  .    21°  38r  |  Lebmannite  .       .    13»  0' 

The  fonnl  ob  i ;  —  i  P  oo  Kaumann ;  3  0  I  Milter;  A^  Brooke  and.Levy. 
Angite  .       .       .  144o  28' )  Oypfom        .       .    92>  r 

The  form  1  oo  }  ;  —  |  P  oo  Naumann ;  2  0  1  Miller;  A^  Brooke  and  Levy. 
Angite  ;       .       .    W*2Xf\  lanmonite    .       .  125*>  41'  I  LoDnite .  .  108**  28' 

CheaayUte      .       .  lir>  Ifi*  | 

The  form  1  oo  f ;  —  {  P  oo  Naumann ;  2  0  3  Miller ;  A'  Brooke  and  Levy. 

Woolastonite  .  IH'^  17' 
The  form  1  oo  |;  —  |  P  oo  Naumann ;  4  0  3  Miller ;  A>  Brooke  and  Levy. 

Homite .  .  1870  Sr 

The  form  I  oo  | ;  —  |  P  oo  Naumann ;  3  0  2  Miller;  A«  Brooke  and  Levy. 

Erythrine     .       .  152»  31' |  Glaaberite    .       .  ISS^  40*  |  Klinoelaae     .       .  161»00' 

The  form  1  oo  2 ;  —  2  P  oo  Naumann ;  2  0  1  Miller;  A^  Brooke  and  Levy. 

Amphibole    .       .  180»  6'  I  Olanberite     .  .  144<'  89*  |  HiraUlite      .       .  155o  41' 

,««.«.    HeuUndite   .  .  155^  y    Pargaaite      .       .  130*  6' 

Humite         .  .  147°  8' I  Woolastonite         .15P2y 


BragatioDite . 
CheMjlite  . 
Felspar . 


1570  20* 
154°  44' 
157°   V 


The  form  1  00  3 ;  —  3  P  00  Naumann ;  3  0  1  Miller ;  A^  Brooke  and  Levy. 

Lehmannitc  .       .  160"  41' 
The  form  1  oo  4 ;  —  4  P  00  Naumann ;  4  0  1  Miller ;  A*  Brooke  and  Levy. 

Homite.        .       .  161°   0*  |  Lehmannite  .       .  l^S"  31' 

Oblique  Prism  on  a  Rluimbio  Bam  of  tho  SoeoaA  Ozdev.^The  oblique 
rhombic  prism  of  the  second  order  is 
similar  in  form  to  that  of  the  first  order, 
but  differs  in  its  position  with  regard  to 
the  axes  of  the  system.  The  faces  of  this 
prism  are  called  elino-domes. 

Syynbob^—'E&ch.  face  passes  through  one 
of  the  extremities  of  the  axes  P^  P,  (Fig.  325) 
and  H^  H^  and  is  parallel  to  tiie  third  axis 
G,  G,.  The  symbol  which  expresses  this 
relation  is  00  1  1 ;   Naumann's  is  (P  00 ) ; 

Miller's  Oil;  Brooke  and  Levy's  E^ 

To  draw  this  prism  prick  off  the  points 
£],  £29  ^3f  ^i»  ^^^  ^i>  ^t9  ^39  ^4*  ^m 
Fig.  326,  and  join  them  as  in  Fig.  336. 

Position  of  the  Poles  of  tho  Oblique  Bhomhie  Prism  of  the  Second  Order  on  the  Sphere 
«/  Pro;«r/wii.— The  poles  of  this  prism  all  lie  in  the  zone  or  meridian  Pj  CP.»  (Fig.  330) ; 


Fig.  836. 
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two  where  the  circle  of  nortii  latitude,  whose  polar  distanoe  from  c  is  \,  cuts  tbe 

meridian  P^  OP, ;  and  two  where  the  oirde,  of  soath  latitude,  whose  south  polar  distance 

is  X,  cuts  the  same  zone. 

The  formula  for  determining  X  is 

tan  7  sin  a 

tanx;=  .  -r~~\   «> 

sin  (a  +  iS) 

Faeu  paraUd  to  the  Oblique  Bhombic  Prism  ceeur  in  the  folloumg  IHnerale :  the  angle 
is  \  which  determines  the  latitude  of  their  poles. 

T0»84' 
MPW 

54P  23' 
a7«2,V 
43044' 

Sphene  has  a  cleavage  parallel  to  this  form. 


AUanite 

.  »°2y 

.    850  17' 

Natron  . 

Augite  . 
Bieberito 

.    60»«K 

Horeaulite     . 

.    41°  C 

Pharmacolite 

.    82<'6y 

KUprotliine  . 

.    W>4^ 

Realgar 

Bragationite . 

.    «5<»25' 

LaumoDite 

.    59^48' 

Sphene  .       , 

ehes^rlite     . 

.    48»4r 

Lehmaimite   . 

.    47°  81' 

Vtvianit?       , 

Bpidote . 

.    8*»    4' 

Lmuiite . 

.    66^18' 

Feaerblende  . 

.    87<»   a 

Melanterito    . 

.    88*44' 

Wagnerite     . 

FrelMlebeiiite 

.    47°  IC 

MiarffTrite     . 
Mirabilite 

.    19°  9' 

WheweUltc  . 

HenUndite    . 

.    67047' 

.    48°  16' 

.    49°  SC 

Monasite 

.    480   8' 

OUiqiM  RhotVtc  Pilflau  deiiTed  ftona  tboie  of  the  Second  OsAer- 

B7  taking  CFi  and  CP,  (Fig.  325)  m  times  the  parameter  GP  (Fig.  326),  where  m  msy 
he  any  fraction  or  whole  numher;  and  from  Fig.  326,  so  altered,  deacrihxng  an 
ohlique  rhombic  prism  of  the  second  order,  a  series  of  prisms,  similar  in  form  and 
position,  but  differing  in  magnitude  from  Fig.  336,  may  be  formed.  The  £acefl  of 
these  prisms  are  called  eUno-domes, 

iS^y«iido^.— «Each  face  of  these  derlred  prisms  cuts  two  of  the  axes  P^  Py  H^  H,,  and 
is  parallel  to  the  third  Gj  Gj ;  the  symbol  which  expresses  this  relation  to  the  axes  is 

m 

00  1  m ;  Naumann*8  is  (m  P  od ) ;  Miller's  okl;  Brooke  and  Levy's  E* ' 

Position  of  the  Poles  of  the  de)  ived  Oblique  Prisms  of  the  Second  Order  on  the  Sphere  of 

Projection. — ^The  poles  of  these  prisms  all  lie  in  the  zone  or  meridian  PiCP^  (Pig.  880); 

two  for  each  prism  where  the  circle  of  north  latitude,  whose  polar  distance  fr^m  G  ia 

A,  cuts  the  meridian  P^  GP,,  and  two  where  the  drde  of  souUi  latitude,  whose  aouth 

polar  distance  is  X,  cuts  the  same  zone.. 
The  formula  for  determining  A.  is, 

I 


tanX  == 


sm  7  sm  a 
m  sin  (o  +  /3)' 


Faces  parallel  to  the  derived  Oblique  Rhombic  Prima  of  the  Seeond  Order,  'toilh  iJ^c 
following  angles  for  determining  the  latitude  of  their  poles,  have  been  observed  in  nature. 

The  form  00  1  J ;  (i  P  <» )  Naumann ;  0  1 3  Miller ;  E*  Brooke  and  Lcyy. 
Melanterite  .       .    63°  2S'  |  Sphene  .       .    77^  40* 

The  form  oolf;  (f  P  00 )  Naumann ;  02oMilJer;  Ei  Brooke  and  Levy. 
Cheasylite     .       .    70°  83' 

The  form  00  1  ^  ;  (i  P  00 )  Naumann ;  0 1  2  Miller ;  E^  Brooke  and  Levy. 

Euclaae  .       .       .    81°  6'  I  Lehmannite         .    es°  W 
56^  26'    Realgar 


AUanite 
Bieberite 
Bncklandite  , 
Epidote 


54°  63' 
62°  45' 
54°  83' 
6*»83' 


Feuerblendo 
Freieslebenlte 
Klaprothlne  . 


85°   8'    Wagneritc 
49°45'|Woolaato&lt6 


66'   2' 
25°  34' 
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The  fom  coif;  (j  P  <x> )  Kanmaim ;  02Sllil]ar;  B^  Brooke  ttid  Ltfvy. 


Botiyogvn 
Chessylita 


59«  37' 


Ftolspftr  . 
Humite 


»•  V 


The  form  oo  1  ^;  (f  P  oo)  Naimumn;  032  Mfller ;  E*  Bi«dke  and  Levy. 

FreiMlebenlte       .    Sffo  49*  |  Baalgar        .       .    «»•  51' |  Wagneiite    .       .    4r«r 

The  form  oo  1  2 ;  (2Poo)  Naumann;  0  2 1  Miller;  B^  Brooke  and  Lcry. 

60°  26' 
4P27' 
2»'37' 
45"  y 


Amphibole 
Aogite  . 
Chessflite     . 
Felspar. 
Fieieslebenite 


28^  21' 


OayluBdte     . 

.    85M5' 

Monixite 

.   29»  tr 

Hvaite 

.    IfPSBT 

lihTMome    . 

.    i»"14r 

lialimuuute  . 

.    28°  38' 

Tincal    . 

.    24«51' 

Mlea      .       . 

•    24*4«' 

Wagnerite 

34»57' 

Chenylite  has  a  perfect  cleayage  paxaiUel  to  this  form. 

The  form  « 1  4 ;  (4  P  oo  )  Naumann ;  0  4  1  Miller ;  E*  Brooiw  ana  Lovy. 

Aogite  .       .       .    23<»42' 
The  fonn  oo  1  6 ;  (6  P  oo  )  Naumann ;  0  6  1  Miller ;  W  Brooke  and  Levy. 

Felspar.        .        .    18' 23' 

Obliqiie  Rhombic  Oetah^dzoil.— The  ohligue  rhombic  Oitahedron,  or  the  double 
four-faced  oblique  pyramid  on  a  rhombic  baee^  which  is  also 
called  the  monoelinohedric  pyramid,  is  a  solid  bounded  by 
eight  scalene  triangles.  These  triangnlar  feuses  are  of  two 
kinds ;  the  fSucs  Pj  Hi  G^  (Fig.  337),  Pi  H,  Gj,  P^  Hj  G^, 
and  P3  H,  G^t  being  equal  and  sunilar  scalene  triangles ;  and 
the  facesP,  GjHi,  PiHjG^PjHiGi,  andPjHjGi  being 
also  Bimilar  and  equal  scalene  triangles,  which  ars  not  similar 
or  equal  to  the  former.  This  ooUd  may  be  regarded  as  a  com  - 
bination  of  two  open  forms,  each  consisting  only  of  those 
faces  which  are  similar  and  equal  to  each  other. 

To  draw  the  Oblique  Hhombie  Oeiahedron^—Pntk  off  from 
Fig.  325  the  points  P^,  Po,  H^,  H,,  G„  G,,  and  join  these 
as  in  Fig.  337. 

.Jms. — The  axes  of  the  oblique  system  join  the  points 
Pi  P2,  Hj  H^  and  Gj  G3,  Fig.  337. 

Symbolt. — ^Every  face  of  the  pyramid  cuts  the  three  axes 
Pi  p2f  ^1  ^2)  "^^  ^1  ^si  *^  ^®  extremities  of  the  parameters. 

Ill  may  bo  taken  as  the  symbol  for  the  form  whose  faces  are  Pj  Hj  Gj,  Pj  11^  G.. 
Pj  Ui  Gy  and  P,  H^  G,.  '  Naumann's  symbol  for  this  form  is  P ;  Miller^s,  111; 
Brooke  and  Levy's,  D.    This  form  is  called  the  potilivc  Itemi^pyramid. 

\\l  may  be  taken  as  the  symbol  for  the  form  whose  faces  arc  P|  Hj  Gg,  Pj  H^  G^ 
P,  H,  Gi,  and  P,  Hj  G,.  Naumann's  is  —  P ;  Miller's,  111;  Brooke  and  Lory's  B. 
This  form  is  called  die  negative  hemi^pyramid. 

Pogiiion  of  the  Poles  on  ihe  Sphere  of  Pr<ifeetion.—Hwo  of  the  poles  t)f  each  of  these 
forms  lie  in  the  same  circle  t)f  north  latitude,  and  two  in  the  circle  of 'south  latitude, 
whose  south  polar  distance  A  is  .equal  to  the  north  polar  distance  of  the  former. 

Let  fi  be  the  longitude  of  the  pole  nearest  to  Gi  (Fig.  330)  on  tlienorthemhemisphere, 
reckoning  its  longitude  from  Gj,  of  the  form  1  1  1,  the  four  poles  of  this  form  will  be 
where  the  circles  of  latitude  whose  north  and  south  polar  distances  are  A  cut  the 
meridians  fi  and  180  -)-  ft. 
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If  /u  be  the  longitade  of  the  nearest  pole  of  1  1  1  to  G^  reckonuig  its  longitade  firom 
Gj,  its  four  poles  will  be  where  the  circles  of  latitude,  whose  north  and  south  polar 
distances  are  A,  cut  the  meridians  fi  and  180  -{-  /i. 

The  following  formulffi  are  used  for  the  determination  of  A  and  fi  for  the  form  111. 
If  ^  be  such  an  angle  that    tan^  =  sin3cos(a  +  3)  cosec  a 
and  ^  such  that    cot  ^  :a  sin  ^  cosec  (45  -{-  ^)  sin  45  tan  (a  -|-  0) 
Then /Kss^+a-f/S  —  90°    and    t8nA  =  sin3tan78ec^ 
For  the  form  111  the  formulo  are  the  same,  ezoept  that 
tan^=:  —  Bin/3cos(a  +  i3)  cosec  a. 


Tig.  838. 


Flff.339. 


Fig.  340. 


7b  deamhe  a  NH  far  the  Oblique  Rhombie  OOahedron.-^'Dn.w 
CH  and  CP  (Fig.  338}  at  right  angles  to  each  other;  take  CH  rig.  841. 

and  CP  equal  to  the  parameters  CH  and  CF  (Figs.  326  and 
327),  and  in  CP  take  CG  equal  to  the  parameter  CG  (Fig.  326).     Join  HG  and  HP. 

Then  (Fig.  339)  describe  the  triangle  Hj  P^  G^,  having  its  sides  H|  Gi  and  H^  P| 
equal  to  HG  and  HP  (Fig.  338),  and  the  side  Gj  Pi  equal  to  a  line  joining  G^  and  Pj 
(Fig.  326). 

Likewise  (Fig.  340)  describe  the  triangle  H,  Pj  G,,  haying  its  sides  H,  G,  and  H,  P, 
equal  to  HG  and  HP  (Fig.  338),  and  the  side  G,  P^  .equal  to  a  line  joining  G,  and  Pj 
(Fig.  326). 

Then  four  triangles  equal  and  similar  to  P,  Hi  G|  (Fig.  339),  and  four  other  equal 
and  similar  to  Pi  Hj  G,  (Fig.  340}  arranged  as  in  Fig.  341,  will  form  the  required  net 

Facet  parallel  to  the  Poeithe  Semipframid  111;    P  Naumann;   111  Miller; 
D  Brooke  and  Levy^  have  been  observed  in  the  fallowing  Minerale, 


Allanito     . 

Amphibolc 

Angite 

Barftooalcite 

Botryogen. 

BrngatTonlte 

Chessylite  . 

Epidote     . 

Erythrine  . 

Euelaie 

Felspar 

FreiMlebenita 

OayluaBito . 

Olauberito 


Seolandite 
Hnmite  . 
Klaprothine 


A  =  77°  18'  /»  =  50^85' 

A  =  65^  42*  iu  =  ^W 

A  =  62?  41'  ,*  =  6y   5' 

A  =  85**  48'  /*  =  68<>2y 

A  =  68<»  3'  /*  =  46''  4' 

A  =  85*  18'  tt  =  6S«»48' 

A  =  59P  ly  it^SSP   V 

A  =  75°  54'  ^  =  49°  17' 

A=r68°   7'  /A  =  05°  48' 

A  =  64°    r  |i=3l°41' 

K^hfPVJ  ,4  =  78° 50' 

A  =  58°l(r  I*  =  87"  23' 

A  =  71°  51'  M  =  58°ie' 

A  =73°  28'  ^  =  48°  53' 

A  =  37°  48'  u  =  C4°   C 

AsSO^lC  ,t  =  2»°25' 


Laomonite 
Lehmaanite 
Lunnite     . 
MeUnterito 
Miargerite 
Mioa  .       . 
Mirabilito  . 
Monazite   . 
Plaglouita  . 
Realgar 
Rhyaoolite. 
Soolezite    . 
Spodnmene 
Tinoal 

Vauqoelinite,  i 
TiTianlte   . 
Wagnerite 
Woolaatonite 


A  =  86°  48' 

^  =  46°  37' 

A=5»'29' 

J  =  89'   2' 

A  =  58°34' 

M  =  64'2y 

A  =  50°46' 

^  =  81°  53' 

A  =  26='  38* 

fi  =  4<P   V 

Ab=64°48' 

fi  =  25°  lor 

A  =  46^  se* 

u  =  57='  55' 

A  =59°  41' 

^  =  89^a<r 

A  =  71°    1' 

^  =  54°  51' 

A  =  4e°59' 

,t  =  65°3r 

A  =  68°19' 

A=72°2(r 

,A  =  C9'5Sr 

A  =  45'*  83' 

It  =  49^  50* 

A=48°20' 

^  =  52^83' 

determined. 

Assgr'sy 

H^i^W 

A  =  56°  8' 

l»  =  63?  iV 

A  =  59°  24' 

M  =  8y»   4' 

Barytocalcite  has  a  perfect  deayage  parallel  to  this  form. 
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Faces  parallel  U  the  Negative  Htmipyramid  111;   —  P  Naumann;  Til  MiUer ; 
B  Brooke  and  Levy,  have  been  oheerved  in  thefoUowing  Minerale, 


AUaalt*  . 
Amphiboto 
Augito  . 
Cbeeejyite 
Epidote  . 
EnelaM  . 
Tetepttr  . 
GljkQberite 
Orpnun  . 
Hnmito  . 
Augite  haa  a  dearage  parallel  to  this  form. 


X  =  48»18' 

^=144'Se' 

Klaprothine 

X  =  74»  14* 

>i=si06^  ir 

k^WlV 

^  =  ioy»  r 

Mica 

A=d9»   V 

„,  =  wiy 

Hirabilite 

A»48»   y 

fi  =  143"  17' 

Monaiite 

A  =  71«5y 

^«   WW 

Pargaaite 

K  =  1t>W 

M  =  145»   2* 

PUsiontte 
Saoleaite 

A  =  47»  41' 

M  =  117»   9 

A  a  08»  14' 

|i  »  US'*  4(r 

YiTla&lta 

A-42-W 

>i  =  lW   (T 

Waffacrita 

A  =  49«3y  fi  =  1490  4y 

A  =  55«»67'  |i=l»»5y 

A  =  ei«»27'  ^=150»2r 

A  =  55*21'  ^  =  l4l»4ar 

A»59M8'  |i-alM<>   ft* 

x  =  ;4»i4r  lAsioeo  S' 

A  =  e7<»ia'  |i=  94»  y 

A»72'i(r  i^aioft^sy 

A=:67'»   r  u=144'»2<y 

Aa63«46r  ft  s  IS»>    7' 


]>6i1t«4  Obllqvt  Ukoaabie  OotaheAxoas.— From  tho  oblique  rhombic  octa- 
hedron jnat  deicribed,  a  series  of  oblique  rhombic  octahedrons  may  be  deriyed,  similar 
to  it  in  position,  bat  differing  in  magnitude.  These  octahedrons  may  conveniently  be 
arranged  under  three  classes. 

BeilTad  Oblique  Octahadxon  off  ttm  lint  CIam.— These  pyramids  may 
be  drawn  by  making  GPi  and  CP,  (Fig.  325}  equal  to  m  times  the  parameter  CP 
(Fig.  326),  where  m  may  be  any  whole  number  or  fraction  greater  or  less  than  unity. 
SymhoU. — ^The  symbol  for  the  positive  hemipyramid  is  1  1  m ;  m  P  Naumann ; 
hhl  MUler ;  D"*  Brooke  and  Levy.  For  the  negative  hemipyramid  1  1  ai ;  —  m  P, 
Kaumann ;  B"*  Brooke  and  Levy. 

i'ote.^The  poles  of  the  positive  hemipyramids  lie  in  the  zone  E|  GE,  (Fig.  330), 
and  those  of  the  negative  in  the  zone  F^  CF,.  To  determine  \  and  /a  we  have  the 
following  formulee : — 

tan4^  =  +  Msin/Scos(a  +  3)  cosec  a 

cot  ^  =  sin  f  cosec  (45  -^  f)  sin  45  tan  (a  -f-  3) 

/&  =  ^^a  +  jS  —  90    and    tanX  =  Bin^tan7sec^. 

Faeee  parallel  to  the  following  Pyramide  of  the  First  Class  have  been  observed  in  Natitre. 

The  form  1  1  -^y ;  t^  P  Naumann ;  1,  1,  10  Miller;  D"  Brooke  and  Levy. 

Mlargyrite       .    A  =  78<'Hr    ^  =  75'4y 
The  form  11);  i  P  Naumann ;  1  1  6  Miller ;  !)•  Brooke  and  Levy. 

Mlirgyilta    .       .    K^9SPiif    |is72Mr 
The  form  1  1  ^ ;  ^  P  Naumann;  114  Miller ;  D«  Brooke  and  LeTj. 

Uiargyrite  .       .    A »  54»  SG'    /&  =  67o  50' 

The  form  1  1  ^;  i  P  Naumann;  113  Miller;  D^  Brooke  and  Levy. 

Klaprothine      .    A  =  64''  (/    |i  3=  SS'^  30'  I  Sphene      .       .    A  »  78«  SO'    a  s:  6C  £2* 
Miargyrite       .    k^M^  V   j»s6So87'  | 

The  form  1 1  i ;  |  P  Naumann ;  1  1  2  Miller;  D'  Brooke  and  Levy. 

BoeUandite  .  As5r4y  fis  89^*27'  Mica.       .  .  A»  7(P  4'  fis41'   7' 

Epidote      .  .  A=5l<'4y  ^  =  89^27'  Plajf ionite .  .  A  =  GO- 24'  /a  =  42' 29' 

Felspar      .  .  A  =  74'' 28'  /»  =  9P   9^  Sphene      .  .  A  =  74'' 49'  ft  «  SS^"  33' 

PreieBlebenito  .  A«=7(P2r  il^MIPW  Spoduineiie  .  A  =  58^  <K  f&  =  ;6<*4r 

Homite      .  .  A  =  54' 34'  >i  =  8l°83'  Tincal        .  .  A«6P17'  ,»  =  76'49' 

KUprothino  .  A=57^4y  fi»47'>5y  VivUnite   .  .  A  =  70'28'  ^  =  79*  8' 

Miargyrite  .  A  =  87^  49^  ^  =  66°  11'  Wagnerite  ,  A=sC9'27'  ^  =  85"  4' 

Flagionite  has  a  perfect  cleavage  parallel  to  this  form. 

The  form  11};  f  P  Naumann ;  2  2  3  MiUer ;  D^  Brooke  and  Levy. 
ChMyUte.       .    A  =  6y49'    /ft  =  5«P5r 
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'J'ho  form  112;  2  P  Naumann ;  2  2  1  MiUer ;  D^  Brooko  and  Lory. 

AuKitc  .  .  A=a55'Sy  ^  =  35' 39*  I  lluiuite  .  .  A  =  28'  6'  |t  =  40=  37' 
ClMMvlite .  .  A  =  52M3'  /t  =  2G'  JK  I  Woolastonitc  .  A  =  53=*2y  ,i=19^S0r 
Fclspir      .        .    A  =  57^   V    /*  =  35My  I 

The  form  1  1  3 ;  3  P  Naiimann  ;  3  3  1  Miller;  D^  Brooke  and  Levy. 
Euclaw     .        .    A  =  GO^   8'    tt.=  iyjV 

The  form  1  1  4  ;  4  P  Xaumann ;  4  4  1  MQlur ;  B^  Brooke  and  Levj-. 
Lehinonnit©      .    A  =  40'   4'    /»  =  13'  16' 

The  form  1  1  ^  ;  —  J  P  Naumann;  112  Miller;  B«  Brooke  and  Levy. 
Brajfationite    .    A  =  60^  37'    ^  =  133'  27'   I  Vivianite  .        .    A  =  74»  41'    a  =  130f"  51' 

Miargyrite       .    A  =  34^  33'    /t  ^  110-  SO*   |   WhcwclUie      .    A  =  65="  3^    m  =  138°  4(r 

Thcformfl  };  — jPNaumann;  llSMiHer;  B^  J^fooke  and  Levy. 

(Jlauberitc  .    A  =  71»22'    ^  =  84*27'   I   Klaprotkine     .    A  =  63>32'    ^sll<r58' 

Gypeum     .       .    Assw   b'    ^  =  9i'  i'  [ 

The  form  1  1  2  ;  —  2  P  Xaumann  ,221  Miller ;  B*  Bi-ooke  and  Lory. 

Miarpryritc       .    A  =  19^  22*    /*  =  152 '  4^ 


Amphibole  .  A  =  65^  48'  f*  =  130'    fV 

Augite      .  .  A  =  47<»  45'  M  -  li^r  !8' 

ChcMylito  .  A  =  58^    7'  |uisi54  4.' 

Uumite    .  .  A  =32^  38'  >4^147'  b' 


Wagn«ritc       .    A  =  a«*41'    |a  =s  153"  14' 
WooUutonitc  .    A  =  4G"   7'    /^  =  IbV  JV 


The  form  J  1  3  ;  —  3  P  Naumann  ;  3  3  1  Miller ;  B^  Brooke  and  Levy. 
Augite     .        .    A  =  41     4'    I*  =143' 17'  |    Glaubcritc         .    A  =71°  22*    ^^  =  34- 27'  [ 

I 

DeziTed  Oblique Octahedion of  the  SocoadClass.— This  octahedron naj  . 
be  drawn  and  its  net  described,  by  making  CPj  and  CP^  (Pig.  325)  m  times  the  pan-  i 
meter  CP  (Fig.  326) ;   where  m  may  be  any  whole  number  or  fraction  equal  to,  I 
j  greater,  or  less  than  imity  :  and  CH^  and  OH^  (Fig.  325)  n  times  the  parameter  CH 
(Fig.  327),  whore  n  may  be  any  whole  number  or  fraction  greater  than  unity. 

8yfnbols.-^The  symbol  for  the  positive  hemipyramid  of  this  octahedron  is  1  jia; 

m P ft  Naumipm ;  hkl  Miller ;  D*  D" ~ ^  H    ^^     Brooko  and  Levy :  for  the  negatiTe 

-  ***        tufn  ♦  1) 

hemipyramid  1»»;  —  m P n Naumann ;  AX/ Miller;  B^B»r^  H    >»      Brooke  ami 
Levy. 

Po^.— To  d<>tfirmine  the  position  of  the  poles  we  have  the  following  formula  :— 

tan  ^  =  +  m  sin  /3  cos  (a  +  fi)  cosec  a 
,  cot  tf>  =  sin  4^  cosec  (4o  +  ^)  sin  ^  tan  (a  -{*  6) 

/i  =  i^-fo  +  /3  —  +  and  tanAzzinsiniStanysec^. 
The  positive  or  negative  sign  being  used  for  tan  ^,  according  as  the  hcmipyxvmid  a 
positive  or  negative. 

Faces  parallel  to  the  following  Pyramidt  of  ths  Second  Cia$s  have  keen  oigerwml  tii  miters. 

The  form  1  2};  iP2  Naumann;  2  14  Miller;  I)i B^ H^ Brooke  and  Levy. 
Sphenc     .        .    A  =  82Me'    |i  =  55''33' 

The  form  121;  P  2  Nauniann ;  2  1  2  Miller ;  D'  D^  H*  Brooko  and  Lcv>'. 
Klaprothine     .    A  =  67"  22'    /4  =  29'25'    I    Spodumono      .    A  =  45"  ST    u  =  49'.'!<r 
MiarKvrite        .    A^  45°   5'    ,*  =  40'   y        Wagnerite        .    A  =71' 24'    it  =  ai'25' 
Realgur    .        .    A  =  6#>5y    pi  =  78^38'    (  |i      w  *» 

Realgar  has  a  cleavage  parallel  to  this  fonn.  * 
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Thefoiml2  4;  |  P 2  Naamann ;  iSSMiUer;  D^ D^ H^  Brooke  and  Levy. 

Thoforml22;  2  P  2  Naumann ;  21lMillor;  D>  D^  H^  Brooke  and  Levy. 

Chesaylite        .    X  =  (a^4y    ,t  =  26=  y    I    Mlargyrite       .    A  =  38»36'    ^  =  25"   S' 
"  '•  -  "^ '   — rabil*  —  "  


Epidote     .        .    \  =  48^21'    «  =  34^  21'       Minbilite         .    A  =  W»   6'    ^  =  S2»a6' 
Homit*    .        .    A  =  45^5a'    ^  =  40°S;'    | 

Thefbnnl24;  4  P  2  Nanmann ;  42lMaier;  D»  D^  H»  or  ^A  Brooke  and  T^cvy. 
Miargyrite       .    A  =  86»34'    i*  =  18*  4'    |    Realgar    .        .    As=54»15'    |t  =  28°   7' 

Theforml^7;  7PjNaumann;  73lXiller;  D^  D^  H*  Brooko  and  Levy. 
Miurgyrito       .    A  =  38^56'    fk=^   7°  39^ 

The  form  1  3  J ;  i  P  3  Naumann;  3  1  4  Miller;  D^  D-  H*  Brooke  and  Levy. 
Wagnerite       .    A=7»'85'    ^  =  73^37' 

Thefbnnl3  4;  fP3  Naumann;  31  2  Miller;  B^  D^  11^  Brooke  and  Levy. 
Freiedebenite       A  =  79°  55'    fi  =  2*2^34' 

The  form  13  2;  2  P  3  Xaumann ;  6  2  3  Miller;  D»  D^  II*  Brooke  and  Levy. 
Hiunite    .       .    A  =  48=»   1'    ,»=s4a»87' 

The  form  13  3;  3  P  3  Naamann ;  3 1 1  Miller ;  D*  D^  H^  or  ^A  Brooke  and  Levy. 
Miargyrite      .    A  =  47°  59'    /a  =  I7°3S' 

The  form  14  1;  P  4  Naumann ;  4  1 4  Miller ;  D»  D^  Ili  Bi-ooke  and  Levy. 
Frekdebenite  .    A  =  83<'   3'    /i  =  31"  4' 

The  form  14  2;  2  P  4  Naumann ;  4  1 2  Miller;  D*  D*  H^  Brooke  and  Levy. 
Realgar    .       .    A=71M9'    ,t  =  44»   2* 

Tho  form  14  4;  4  P4  Naumann ;  4  1 1  MiUcr ;  D>  D^  H^  Brooke  and  Levy. 
Chcasylitc         .    A  =  78«16'    /*  =  14*  IC 

The  form  155;  5  P  5  Naumann ;  5 1 1  Miller;  D*  Dt  H^  Brooke  and  Levy. 
Miargyrite       .    A  =  60^23'    jx  =  1(P  34' 

The  form  16  3;  3P6Naiimaim;  612Mi]lar;  D^  D^  H^  Brooke  and  Levy. 
Realgar    .       .    A=  7(^34'    ^  =  29^26' 

ThefoimT^l;  -Pf  Naumann;  321  Miller;  B^  B»  Ht  Brodce  and  Levy. 
Fhumaoolite .    \  =  6r^'    ^  =  148»42'   {   Eoclase    .       .    A  =  67M0'    ^  =  90'' 59* 

The  finm  1  2 1 ;  -  P2  Naumann;  212  Miller;  B^  B'H^  Brooke  and  Levy. 
Bedgar.       .    A=72*33'   M»i39'4B' 

Theformi22;  -2P2Naumann;  211  Mill«r;  B*  B»  H*  Brooke  and  Levy. 
Bragationite  .    A  =  59'  8'    >&  =  157^2^   |   Ldimanaite   .    A  «  65" 49'    ft  ss  128?  Stf 

The  form  124;  -4P2  Naumaan;   421  Miller;  B'B'H^  wA,  Biooke  and 
Levy. 

Hnmite  .       .    A  =  46°52'    ^  =  161«  <f 

The  form!  31;  -  P  3  Naumann ;  3  1  3  Miller ;  B^  B*H*  Brooke  and  Levy. 
Oypsum.        .    A  =  6r30'    ,t  =  118»4e'   |   Miargyrite      .    K^SSPIV    ii=^\ZV*4Sr 

The  form  13  3;   -  3  P  3  Naumann;   3  11  Miller;  B*  B^  H^  or  A3  Brooke  and 

Levy. 

Amphlbolo      .    A  =  4»»52'    »t  =  10fl»  T   \   Glauberite      .    X-USP  4'    ^  =  Wy»2y 
Eaolaae  .        .    A  =  78»   6'    ^  =  140°20'    1 
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456  OBUQUE  PYRAMIDS,  THIRD  CLASS. 

Theformiei;  -  P  6  Nanmaim ;  SlSMiUflr;  B^  B^  H^^  Brooke  and  Lcry. 
Miargyrite      .    AsTO'Sa    i^^liViff 

BeilTed  Oblique  Octalnediroii  of  tlio  Thlvd  Class.— This  octahedron  mty 
be  drawn  and  its  net  described,  hj  making  CP^  and  CP|  (Fig.  325)  m  times  the  pin-  . 
meter  CP  (Fig.  326) ;  where  m  may  be  any  whole  number  or  fraction,  eqosl  to, 
greater,  or  less  than  unity ;  and  CGj,  CG,  (Fig.  325)  equal  to  n  times  the  parameter 
CG  (Fig.  326),  where  n  may  be  any  whole  number,  or  fraction  greater  than  unity. 

SymboU. — The  symbol  for  the  positiye  hemipyramid  of  this  octahedron  is  «  1  « ;  | 

(m  P  fi)  Naumann;   k  h  I  Miller;   D^  D»-i  G      <»    Brooke  and  Levy.     For  tlie  I 

_  __  •_*_}_     ».«»u 

negative  hemipyxmmid  »  1  m ;  —  (m  P  n)  Naumann ;  k  h  I  Miller ;  B<  B"~'  6   ' * 
Brooke  and  Levy. 

Folet. — ^To  determine  the  position  of  the  poles  we  have  the  following  formuhe :—    , 

tan^  =  +-  sin/Soos(a  +  /3)  coscc  a 

cot  ^  =  sin  ^  coaec  (45  +  ^)  &&  45  tan  (a  +  /3) 

^  =  ^  +  a  +  /B  — ^    and    tan  X  =  -  sin /9  tan  7  sec  V' 

The  positive  or  negative  sign  being  used  for  tan  ^  according  as  the  hemipyramid  it  , 
positive  or  negative. 

FaeeM  parallel  to  the  foUotoing  Fjframidt  of  the  Third  Ctast  have  been  obterted  »    I 

nature. 

The  form  i  1  i ;  (}  P  |)  Naumann ;  2  3  2  Miller;  D^  D^  G^  Brooke  and  Levy. 
Realgar         .        .    A  ~  35^  3^    |t  =  73' 35'  I 

Theform2  1 1 ;  ( J  P  2)  Naumann;   12  5,  Miller;  D^  D^  Gi"^  Brooke  andLevy 
Chessylite     .       .    A  =  71»iy    /*  =  8p°82' 

The  form  2  1  }  ;  (}  P  2)  Naumann;  12  3  Miller;  D*  D^  oi  Brooke  and  Levy. 

Sphene.       .       .    X  =  68'  2*    fisee'Sy 

The  form  2  1  | ;  (^  P  2)  Naumann  ;  2  4  5  Miller ;  D^  D^  G*  Brooke  and  Levy. 
ChewyUte    .       .    X  =  5e'3y    fi  =  e9'2y  I 

The  form  2  1  1 ;  (P  2)  Naumann;  12  2  Miller;  D^  D^  G^  Brooke  and  Levy. 

Epidote      .       .    X  =  32°  2S'    /»  =  89^  27'  |  Wagnerite  .       .X  =  53^.2'f(s85°^  | 

The  form  2  1  | ;  (4  P  2)  Naumann;  2  4  3  Millor;  D^  D^  Q^  Brooke  and  Levy.       , 

CheflsyUto  .       .   Ji  =  4y 3Sr    fks^iePK' 

The  form  2  12;  (2  P  2)  Naumann ;  1  2  1  Miller;  D>  D^  G^  Brooke  and  Levy. 

Barytocalcite      .    A  =  84'  CK    fi  =  61°  (T  I  Monacite    .       .    A  =  4(rsr    tt^^saf*^ 
Freiesleberdte    .    A  =  76'>  18'    ft  =  31°  41'  |  Natroa    .  .    A  =  39°  SO'    ,1  :=  ftS"*  Sr 

Theform214;  (4  P  2)  Naumann ;  241  Miller;  D^  D^  G^  or  £,  Brooke  and  Levy  ' 

Chessylite  .       .    A  =  32°  5V    ^  =  26°   JT  |  Felspar      .       .    A  ==  37°  Sy    m  =  35°  45*  | 

The  form  3  1  }  ;  (}  P  3)  Naumann ;  1  3  4  MlUcr ;  D^  O-  G^  Brooke  and  Lcry.       j 
CheasyUte  .       .    A  =  57°  12'    ^  =  77''  41' 

The  form  3  1 1 ;  (|  P  3)  Naumann;  13  2  Miller;  D^  D^  G^  Brooke  and  Levy. 
Wheweilite        .    A  =  28°  41'    ^  =  62°  4^ 
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The  fozm  3  1  3  ;  (3  F  3)  Naumann;  1  3  1  Miller;  D^  D^  GP  or  £,  Brooke  and 
LeTy. 

Amphibole.  .  \^59»4IBr  |i  a  50<>  Sy  I  Felspar  •  .  Xa33«>20'  ,t  =  65»48' 
Angite  .  .  A  =  36^  2C  ^  =  49'  W  Gypeum  .  .  A  =  45'  3^  ^  =  5T  W 
Eudaae      .        .    A  »  53'>   O*    ft  »  49«  17'  | 

The  form  4  1  4  ;  (4  P  4)  Naumann ;  1  4  1  Miller ;  D»  D*  G-^  Brooke  and  Levy. 

Sphene  .    A  =  33'5S'    it,s:Z4P2r 

The  form  6  1  {  ;  (}  P  5)  Naumann ;  1  6  2  MiUer ;  D»  D*  G^  or  E|  Brooke  and 
LcTy. 

Aogito        .       .    Xs=37<'4fr    fi  =  60»29' 

The  form  6  1  2;  (2  P  6)  Naumann ;  1  6  3  Miller;  D^  D^  G«  Brooke  and  Levy. 

Spheno       .       .    Aa39»34'    fis66<>52' 
Th6form|l4;  -  (4  P  |)  Naumann ;  34  1  Miller;  B^  B^  G^  Brooke  and  Levy. 

EndaM     .       .    X==49»52'    ft  =1400  20' 
The  form  2  1  1  ;  —  (P  2)  NHumann ;  T  2  2  Miller ;  B^  B»  G^  Brooke  and  l^evy. 

Wagnerite       ,    Xa=d0»30'    |a »  129" 32*  |  Loimite    .       .   X  =  56»S8'    fi  =  103»20' 
The  form  2  1 1 ;  —  (|  P  2)  Naumann  ;  2  4  3  Miller;  B»  B'  G»  Brooke  and  Levy. 

Chessylite         .    X  =  46»36'    ft  =  ISOM? 
The  form  2  1  2  ;  —  (2  P  2)  Naumann ;  1  2  1  MiUer ;  B»  B^  G*  Brooke  and  Levy. 

Chesqrlito.  .  X=a80»55'  m  ==  IS?""  1^  I  Gypsum  .  .  X  =  52«50'  X=n3»4e' 
Euclase      .       .    X  =  M°  52'    /a  s   9S^  SO*  |  Sphene    .       .    X  =  »3«  27'    X  »  148°  38' 

The  form  2  1  }  ;  —  (|  P  2)  Naumann ;  4  8  3  Miller ;  B>  B*  G^  Brooke  and  Levy. 
Avgito       .       .    X  =  34<»41'    /*  =  114'31' 

The  form  2  1  4  ;  —  (4  P  2)  Naumann;  2  4  1  Miller ;  B>  B'  G^  or  ,£  Brooke  and 
Levj'. 

Felspar       .       .    X  =  49M0'    ^  =  157<»  7' 

The  form  3  13;  —  (3  P  3)  Naumann;  131  MiUer;  B*  B^  G^  or  jE  Brooke  and 

Levy. 

Amphibole  .  A-49My  |4  =  106«»  2' I  Mica.  .  .  X  =  31"  30'  /ft  =  150»27' 
Gypsom   .       .    X  =  41°10'    M«=n8^46'| 

The  oomhinations  of  this  system  are  so  like  those  of  the  Prismatic,  that  we  need 
not  give  any  examples  of  them. 

SIXTH  STSTSM — ANOBTHIC,   OB  D0T7BLT  OBLIQUE. 

This  system  is  called  the  amrthie  from  the  want  of  symmetry  of  its  forms ;  and  the 
dombiy  oblique  because  its  forms  may  be  derived  from  the  doubly  oblique  prism,  and  doubly 
oblique  octahedron.  It  has  also  been  called  the  TrieUnohedric^  Jnorthotype,  Tetario- 
pritmaiiey  Tetarto-rhombie,  and  the  One-^md-one-membered  system. 

To  this  system  all  forms  may  be  referred  which  cannot  be  placed  under  any  of  the 
preceding  systems. 

Only  two  forms  belong  to  the  anorthie  eyetem :  the  doubly  oblique  priem,  and  the 
doubly  oblique  octahedron  ot  pyramid. 
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ANGULAR  KLEME27T8,  AKOBTHIC  SYSTEM. 


MphaUUcal  list  of  Minerals  beUmging  to  ths  Anorihie  or  Doubly  Oblique  Systsm,  with  the 
Angular  Elements  from  which  their  typical  forms  and  axes  may  be  derived.  BUeiks 
are  left  in  the  eases  where  the  Angular  Elements  Jwve  not  been  determined. 


Albite  (cleavelandite  :    Tetarto- 
prismatio  felspar)    . 

Axinite 

Dabingtonite  .       .       .       .       . 
Blue  vitriol  (sulphate  of  copper)  , 
Chriatlanitc  (anorthite) 
Kyanite  (distbene) 
Labradorite  (Labnuior  felspar) 
Latrobite        .       .       .       .       . 

Leuoopbane 

Ollgoclaae      .       .       .        .        , 
Saasoline  (native  boracle  acid) 


a 

.^.  \  ,y, 

A 

B 

0    * 

c  1 

0    * 

04  46 
91  49 
&3S6 
73  12 
93  11 

63  26  i  93  8 
82  2  102  36 
86  47  112  39 
67  8  82  56 
63  46  88  4L 

93  36 
90  5 
92  31 
70  22 
9i  12 

63  86 

82  14 
88  0 
65  4 
63  38 

91  18 
102  30 
113  30 
100  41 

86  58 

58  26 
53  0 
39  18 
28  4 
57  31 

9i  46 

63  26  93  8 

93  36 

63  36 

91  18 

58  26 

94  46 
92  32 

63  26   9?  8 
104  18  89  42 

1 
93  36 
92  32 

eFse 

104  18 

91  18 
90  20 

58  26 

29  59  { 

41  35 
51  21 
38  49 
27  16 

40  55 

41  35 


41  35 
27  51 


Fig.  343. 


ParaznAtezB  and  Axes.-— In  the  anorthic    system   the  three  parametaa  are 
unequal,  and  no  two  axes  are  inclined  to  each  other  at  right  angles.    By  means  of  the 
^    angular  elements  a,  )3,  A,  8  and  e  we  may  determine  the  lengths 
of  the  parameters  and  the  inclination  of  the  axes. 

To  detmypine  the  Lengths  of  the  Parameters, — Take  a  stmtght 
line  OX  (Fig.  342}  of  any  convenient  length  to  represent  one 
of  the  parameters ;  this  will  be  the  arbitrary  unit  of  the  system. 
Through  one.  of  its  extremities  0,  draw  OQ  perpendicular 
to  OX;  through  T  draw  TM,  making  an  angle  5;  and  TP 
making  an  angle  e  with  OT;  let  TM  and  TP  cut  OQ  in 
MandP. 

Then  OM  and  OP  will  represent  ^o  lengths  of  the  other  two  parameters. 
2b  represent  the  IneUnation  of 
the  Axes  in  Perspeettve.-^X^rtLW  a 
straight  line  XOX'  (Fig.  343), 
and  through  0  a  point  in  it  the 
Una  OZ  perpendicular  to  XX.*, 
and  the  line  OT  making  with 
OX'  an  angle  of  about  30*>  with 
OX'.  Along  OX  take  OT^  equal " 
OX  (Fig.  342). 

Then  (Fig.  344)  draw  a  line  ^.^  ^^^ 

ABC,  and  through  B  a  point  in 

it  draw  BD  making  the  angle  y  with  AB,  take  BD  equal  to  OM  (Fig.  342),  and 

through  D  draw  DF  perpendicular  to  AC. 
In  OY  (Pig.  343)  take  OD  equal  to  half 
of  DF  (Fig.  844),  and  through  D  (Fig.  34«) 
draw  <DMi  parallel  to  OX  and  equal  to  BF 
(Fig.  344).  Join  OMj  and  produce  it  to  OY*. 
Now  (Fig.  844)  draw  FG  making  the 
Fig.  344.  Fig.  845.   ^^^j^  ^  ^^^  pc,  take  FG  equal  to  OP 

(Fig.  842),  and  through  G  draw  GB  perpendicular  to  DF. 

Draw  HK  and  EL  (Fig.  345)  at  right  angles  to  each  other,  take  EH  equal 
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to  F£  (Fig.  344)  ;  through  H  draw  HL,  making  the  angle  90"*  —  A  with  HK  and 
meeting  KL  in  L. 

In  OY  (Fig.  343)  take  OE  equal  to  half  of  LK  (Fig.  345),  through  E  draw  EF 
parallel  to  OZ  and  equal  to  HK  (Fig.  345). 

Through  F  draw  FP,  parallel  to  OX  and  equal  to  EG  (Fig.  336) ;  join  OP,  and 
produce  it  to  any  point  Z'. 

Then  OX,  OY'  and  OZ'  will  represent  the  direction  of  the  axes  for  any  substance 
whoae  angular  elements  a,  /9  and  A  are  given  (page  458),  and  OT,  OM,  and  OP  will 
represent  the  magnitude  of  its  parameters,  depending  upon  the  angles  Z  and  c. 

BouUy  Olilique  Pifsin— Fint  Oxder. — The  doubly  oblique  prism  is  a  solid 
bounded  by  six  faces,  whoeh  are  all  oblique  parallelograms,  and  equal  to  each  other 


only  in  pairs.  The  face  A^  Ej  0^  Ij  (Fig.  346)  being  equal  and  parallel  to  the  face 
A^  Bj  0, 1, ;  the  face  0|  I|  I,  0,  equal  and  parallel  to  E^  Aj  A^  £,;  and  tho  £ace 
A,  Ii  I,  A,  equal  and  parioiel  to  Ej  0,  0,  Ej. 

This  prism,  like  the  oblique  prism,  is  now  generally  regarded  as  a  combination  of 
three  open  forms,  eadi  consisting  of  a  pair  of  parallel  faces. 

Sgmbob.-^The  basal  pmaeoids  0^  I^  Aj  Ej,  0,  I,  A,  E,  cut  the  axis  Pj  P^  at  the 
extremitiee  of  the  parameters  0P„  OP,,  and  are  parallel  to  the  axes  M)  M^  T,  T, ;  the 
symbol  which  expresses  this  relation  is  oo  oo  I ;  Naumann's  symbol  is  OP ;  Miller^s 
0  0  1;  Brooke  and  Levy's  P. 

The  maer<hpinaefndt  Oj  Ej  £,  0^  and  A^  Ij  I,  A^  cut  the  axis  M|  H,  at  the  extre- 
mities of  the  parameters  OM^,  OM,,  and  are  parallel  to  the  axes  Pj  P,  and  T^  T^ 
Their  symbol  is  oo  1  oo ;  ao  P  ao  Naumann ;  0  1  0  Miller ;  and  M  Brooke  and  LeTy. 

The  brachjf'pinaeoidt  Oj  Ij  I,  0,  and  Ej  A,  A^  £,  cut  the  axis  Tj  T,  at  the  extns 
mitiee  of  the  parameters  OTj,  OT,,  and  are  parallel  to  the  axes  P^  Pji  ^i  ^c-  Their 
symbol  is  1  oo  oo ;  o&  P  oo  Naumann ;  1  0  0  Miller ;  T  Brooke  and  Leyy. 

lb  draw  the  Doubly  Ohligus  Prism,  First  Orefer.—Prick  off  from  Fig.  343  the  points 
0,  P|,  Ml  and  Tj.    Join  Mj  0  and  produce  it  to  M^  making  OM,  equal  OM^. 

Join  P]  0  and  produce  to  P„  making  OP,  equal  to  OPj.  And  join  Tj  0,  produce  it 
to  T^  making  OT,  equal  to  OTp 

Through  M^  and  M,  draw  Hi  G,  and  0^  H,  parallel  to  T^  T,,  making  M^  Hp  M^  0,, 
M,  Gi,  and  M,  H,  each  equal  to  OTp 

JoinH,  Gi  and  H,  G,.  Thnwigh  U,,  Gi,  H„  and  Gj  draw  Oj  0,,  I,  L,  Aj  A,  and 
El  £,  parallel  to  P,  P,. 

Hake  0,  Hp  0,  Hp  Gi  Ij,  G^  I„  H.  Aj,  H,  A^,  G,  Ej  and  G,  E,  each  equal  to  OPj. 

Join  Oi  Ii,  Ij  Ai,  Ai  El,  Ej  0»  0,  L,  I,  A,,  A,  E,  and  0,  E,.' 
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Jo  detcribe  a  Netjor  the  JUovbly  Oili^us  Prism Draw  CD  (Fig.  347)  equal  tvieeOT 

(Fig.  342)  and  DB,  making  fbe 


Fig.  347 


angle  y  with  CD,  and  equal  to 
twice  OM  (Fig.  342). 

Through  C  draw  CA  paaM 
to  BD,  and  through  B,  BA  pir- 
allel  to  CD  meeting  in  A. 

Draw  GH  (Fig.  348)  eqoal 
twice  OT  (Fig.  342)  and  GE, 
making  the  angle  3  with  GH, 
and  equal  to  twice  OP  (Fig. 
342). 


Through  £  draw  £F  parallel  to  GH  and  through  II,  UF  parallel  to  EG  meetias 
inF. 


Fig.  848. 


Fig.  949. 


AUo  draw  MN  (Fig.  849)  equal  to  twice  OM  (Fig.  342)  and  MK,  making  the 
angle    a   with    MN     and 
equal  to   twice  OP   (Fig. 
342). 

Through  K  draw  E!L 
parallel  to  MN  and  through 
N,  NL  parallel  to  MK 
meeting  in  L. 

Then  arrange  aix  par 
aUelograma,  equal  and 
similar  in  pain  to  the 
three  parallelograms  (Figs. 
347,  348,  and  349),  as  in 
Fig.  350,  and  the  net  will 
he  descrihed.  Fig.  Sdo. 

C/f/staU  of  the  following  misieraU  Uaxt  Facsa  paraU$l  to  the  Batal  Pmacoidt  ao  oo  1; 
0  P  Naumann ;  0  0  1  Miller ;  P  Brooke  and  Levy,  The  north  and  eouth  poUe  of  ik 
Sphere  of  JVofectum  may  be  eoneidered  the  polee  of  the  two  faeee  of  the  Baeai  Bimtooidi. 

Oligoelase 


Albito 
Azinite 


Alhile 
Axinlte 


Babingtonite 
Bine  Vitriol 


Chrl8tiantt« 
Labrddoriie 


The  folloicing  present  Cleavayet  parallel  to  this  form, 

Babingtonite  Labraderite 

ChristianiU  OliyoeUue 
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OryttmU  of  ik$  foBomng  minsrab  havt  Facet  parallel  to  the  Jfaero-pinaeoide  oo  1  ao ; 
00  P  00  Jfaumatm ;  0  1  0  Miller ;  M  Brooke  and  levy.  The  angles  wiU  determine  the 
poeiHon  of  one  of  the  polee. 


Albite 

North  Polar  distance 

86«S4r 

Longitude  Wott 

W>  If 

Azinite 

North      „ 

H9PW 

90°   V 

BaUngtonite 
Blue  Vitriol 

North      „ 
South      „ 

f» 

87*  JC 

f» 

f» 

9tp  or 

90'   V 

ChrisUanite 

North      „ 

85'>48' 

w*  (y 

Labradorite 

North      ,. 

8(P»24' 

9o»  cr 

OUgoelaae 

North      „ 

•* 

W^24f 

i> 

t> 

90»   0* 

Albite 


The  following  present  Cleavagee  parallel  to  thiefinrm, 
Axinite  Chrisiianite  Labradorite  OUgoelam. 


Cryetale  of  the  foUowmg  minerdU  have  Faces  parallel  to  the  Brachg-pinaeoidt  1  oo  oo ; 
00  F  00  yaunuum  ;  1  0  0  Miller;  T  Brooke  onM  Levg, 

Azinite  South  Polar  distance  82?  W  Longitude  Wcet  \T  W 

Bablngtonite  South      „         „  88»  0"  „        West  HiPW 

Blue  Vitriol  South      „          „  65«  iT  „        East  7»  4' 

Saisoline  North      „         „  75°  4^  „        East  0°  18' 

Axinite  and  Ba1»iigtoiiite  have  imperfect  deayages  pandlel  to  this  form. 

l^inMif  OUique  Hliomblo  Primi,  Sooond  Ovdevr—If  we  bisect  the  edgts 
Oi  Ii  (Fig.  346)  Oj  I,  in  F^  and  F„  the  edges  Aj  E,  and  A,  il,  in  B,  and  Bj ;  the  edges 
Oi  Ej,  0,  E,  in  Di  and  D, ;  and  the 
edges  At  Ii,  A,  I,  in  Cj  and  C,  :  and 
then  prick  off  the  points  B^,  D„  Fj, 
Cj,  By  Dy  Fjy  C,,  and  join  them  as 
in  Fig.  850,  we  shall  deriTe  from 
the  doubly  obliqne  prism  (Fig.  346) 
another  doubly  oblique  prism,  similar 
in  form,  but  differing  in  position  and 
magnitude  with  respect  to  the  oblique 
axes  of  the  anorthic  system. 

This  prism  is  generally  considered 
as  the  combination  of , 'three  forms, 
each  consistmg  of  a  pair  of  parallel 
faces. 

Bi  D,  C|  F|  and  B,  D,  C,  F,  are  regarded  as  faces  of  the  basal  pinacoid. 

Sgmbols.-^the  fonn  whose  faces  are  Dj  F)  F,  D,  and  B^  Cj  C,  B,  cuts^each  of  the 
axes  Ml  M,,  Tj  T,  at  the  extremities  of  their  parameters,  and  is  parallel  to  the  third 
axis  Pj  Pj.  Its  symbol  is  1  1  oo' ;  oo  r|  Naumann  ;  1  1  0  Miller;  H^  Brooke  and 
Levy. 

The  form  whoso  faces  are  B^  B^  B,  B,  and  Cj  Fj  0,  F,  cuts  each  'of  the  axes 
Ml  M,,  Ti  T,  (Fig*  346)  at  the  extremities  of  their  parameters,  and  is  parallel  to  the  third 

iPj  P,.    Its  symbolis 1 1  oo  ;  oo  jP  Naumann ;  1 1  0  Miller;  G  Brooke  and  Levy. 


rig.  351. 
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The  form  1  1  ao  ;  go  P|  Naumaon;  110  Miller ;  H*  Brooks  and  Levy,  occonin 

Albite  South  PoUr  distance    69>  V    L(mgitud«  Wett  ST  W 

Axinfts  Smith  ,,  „  84' SS"  „  Wert  49>4r 

BlaeMtriol  South  „  „  62»3T  „  WMt  eO^Vr 

Chnntiaiiite  South  „  „  6&>  ar  „  West  Sl^SS* 

Labnidorite  Sonth  „  „  69»  9'  „  West  SS'SO* 

OUgoelMe  South  „  „  89«  9*  „  West  ST  9^ 

Sesaoline  North  „  „  80»3S'  „  West  f9»  V 

Blue  Yitiiol,  Labnidorite^  and  Oligoclaae  have  imperfect  clfiaTH^ea  pnraUd  to  this 

form. 

The  form  1  1  oo;    oe»;P  Naumann;  110  Miller;  G>  Brooke  and  Lerj. 

Albite  North  Polar  distance    64»  6^    Longitude  Wett  150»44' 

Axinite  North  „  „  88*38'  „  West  160»    1' 

BnbingtOBite  North  ,,  „  85«M'  „  West  I8r>4ir 

Blue^triol  South  „  „  83»  8'  „  West  lie»a* 

Christianite  North  „  „  M^'W  „  W«t  14e>  35' 

Labradorite  North  „  „  64'' Sy  „  West  lMo44' 

Oligoclaae  North  „  „  64°  35'  ,,  West  150^44' 

Sassoline  Sonth  „  „  Sl'^ft?'  „  West  ll9(>5y 

Albite  and  Blue  Vitriol  hare  cleayagee  parallel  to  this  form. 

Doubly  Oblique  VHrnui  AexlToA  from  that  of  the  floeond  OsdoT--^ 

making  OT^  and  OT,  in  Fig.  346  n  times  greater  than  the  parameter  OT  (Fig.  342}, 
where  n  is  any  whde  number  or  fraction  greater  than  unity,  we  may  from  Fig.  546, 
so  altered,  deriye  another  prism  of  the  second  order  composed  of  the  basal  pinacoids 
and  two  forms  whose  symbols  will  be 

«  1  OD  ;  00  P}  «  Nautaann ;  1  n  0  Miller;  H"  Brooke  and  Lery. 
and  «  1  00  ;  Qo  j  p  #1  Naumann ;  1  n  0  Miller ;  G*  Brooke  and  Levy. 
By  making  OMj  and  OM,  (Fig.  846)  n  times  greater  than  the  parameter  OM 
(Fig.  342),  where  n  is  any  whole  number  or  fraction  greater  than  unity,  we  may  from 
Fig.  346,  80  altered,  derive  a  prism  of  the  second  order  composed  of  the  basal  pinacoids 
and  two  forms  whose  symbols  will  be 

1  M  00  ;  00  P|  n  Naumann ;  ft  1  0  Miller ;  H"  Brooke  and  Levy. 

and  1  n  00  ;  00  |P  »  Naumann ;  »  1  0  Miller ;  6"  Brooke  and  Levy. 

The  form  3  10;  qo  P  j  3  Naumann ;  1  3^0  MiUer ;  IP  Brooke  and  Levy. 
Albite  South  Polar  distance    TfPSe'       Longfltade  West    62oi5' 


Christianite  „  „  80=33'  „        „  62°  5' 

Oligoclase  „  „  79^56'  „        „  6^15' 

The  form  3  10;  a>  [PS  Naumann ;  1  3  0  Miller ;  GP  Brooke  aad  Levy. 

Albite  North  Polar  distance    73^21' 

Christianite  „  „  73=42' 

OUffoclaae  „  „  73'' 21' 


Longitude  West    lirw 

„         „  1170  21' 


The  form  2  10;  oo  PJ  2  Naumann ;  1  2  0  Miller ;  H«  Bro(Ae  and  Levy. 
Axinite,  South  Polar  distarxa    86^4'       Longitude  West   6\?  T 

The  form  2  1  0 ;  oo  ]P  2  Naumann  ;~1  2  0  Miller ;  CP  Brooke  and  Levy. 
Blue  Vitriol,  South  Polar  distance    77<'47'       Longitude  West    101»22' 

The  form  120;  ooPj  2  Naumann;  2  10  Miller;  11*  Brooke  and  Levy. 

Babingtonite,  North  Polar  distance    89'  3y       Longitude  West  -ir  VOT 
Thoforml20;  oo  ;P  2  Naumann;  Tl  0  Miller;  G*  Brooke  and  Lery. 
Blue  Yitriol,  North  Polar  distance    87»24'       Longitude  West    ItSPST 
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TliiiA  Ovd«r«— The  douUy  oUiqne  prim  4>f  the 


third  order   may  be 

drawn  by  piicking  off 

the  points  D„  Cj,  H„ 

Gi,Dj,Cj,Hj,andGj 

from  Fig.   346,    and 

joining  them   as    in 

Fig.  352.    It  is  simi- 

hff  in  form,  but  differs 

both  in  magnitude  and    ^** 

position,  from  that  of 

the  first  order.      It 

may  he  regarded  as 

composed     of    three 

forms,  each  consisting  of  tvo  parallel  faces.    D^  Hi  G,  Bj  and  C^  Gi  C,  H,  are  the  faces 

of  the  macro-pinacoid* 

S^mMt.-~The  fiices  of  both  the  other  forms  cut  the  axes  Pj  P,  (Fig.  346),  T^  T.^ 
at  the  extremities  of  their  parameters,  and  are  parallel  to  the  third  axis  M^  M^ 

The  symbol  for  the  form  whoso  faces  are  D^  C^  H^  G|  and  G,  H,  C,  D,  is  1  qo  1 ; 
1?  00  Nauijiann ;  1  0  1  Miller ;  F*  Brooke  and  Levy. 

The  symbol  for  the  form  whose  faces  are  D^  Cj  Hj  G.^  and  H^  G^  Cj  Bj  is  1  <»  1 ; 
'Pi  CO  Nanmaxin;  10  1  Miller;  B>  Brooke  and  Levy. 

The  form  1  ao  1 ;  ^P^  oo  Naumann ;  1  0  1  Miller ;  F*  Brooke  and  Levy,  occurs  in 


Fig.  352. 


Albita  North  Polar  distance  62^87' 

Axi&ite  „  „  56°  sy 

Blue  Vitriol         „  „  aSP4V 

Chriatianite         „  „  5V2ar 

OUgoclaae  ,,  „  srsr 

Saaaoline  „  „  24'' 2r 


Ito&gitode  Weat  8=*  8' 

„      West  ir»»' 

„       Eaat  70  4' 

„       East  V  ISf 

„       Weat  8°  8' 

„       Eaat  €P  IV 


Axinite  has  an  imperfect  clcayage  parallel  to  this  form. 

The  forml  od  1 ;  iPj  00  Naumann ;  1  0  1  Miller ;  B^  Brooke  and  Levy. 


BlaaYitriol   North  Polar  dlataneo    20^27' 
SasMline  „  „  80'' 28' 


Ixmgitade  Ea9t   isr-  V 
„         West  i:\j'  42' 

Be>iT«4  Bonbly  Oblique  Psiams  ef  the  Vfalid  Ovder.  —  By  making 
OPj  and  OP2  in  Fig.  346,  m  times  the  parameter  OP  (Fig.  342),  and  from  the  figure  so 
altered'obtaining  a  prism  of  the  third  order,  another  series  of  doubly  oblique  prisms  similar 
in  form  and  position,  but  difiering  in  magnitude  from  Fig.  352,  may  be  derived,  m 
may  be  any  whplc  number  or  fraction  greater  or  leas  than  unity. 

BymboU. — ^The  symbol  for  the  form  whoso  faces  are  D^  Cj  Hj  Gj  and  G,  II,  C,  D^,  is 
1  »  m ;  m  ,P>  «o  Naumann ;  m  0  1  Miller ;  F*»  Brooke  and  Levy. 

The  symbol  for  the  form  whose  faces  are  D^  C;  Hj  Gj  and  H,  G^  C.  D^,  is  T  00  m ; 

^  -  L 

«>  'Pi  00  Naumann ;  m  0  1  Miller ;  B"*  Brooke  and  Levy. 

The  form  1  «  j  ;  f  1?*  »  Naumann ;  2  0  3  Miller ;  F*  Brooke  and  Levy. 
Christianitc   North  PohiT  dlBtance    84^48''       Longitude  Eaat    P  19* 
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The  form  1  qo  2 ;  2  ^ P  ao  Naumaan ;  2  0  1  Miller ;  F^  Brooke  and  Levy. 


North  Polar  distance    83»2y 

srw 
81°  sr 

„  8^25' 

82^  2y 


Longitude  Wert  3»  V 

„         Eaat  7»   4* 

„         East  VIV 

„         West  r  8' 

West  8'   V 


AlUte 
Bine  Vitriol 
Christianite 
Labradorite 
Oligoclaao 

The  foim  T  «  2 ;  2  >Pi  «  Naumaim;  2  0  1  Miller;  B«  Brooke  and  Levy. 
Christianite  North  Polar  distance  41"  U'       Longitude  Wert  17«»  41' 

The  form  1  «  3 ;  Sj  P»  oo  Naumann  -,301  Miller ;  F^  Brooke  and  Levy. 
Bloe  Vitriol    North  Polar  dirtonoe    74"  42'       Longitnde  East  7"  4' 

Doubly  Oblique  Pilsm  of  the  FoluUft  Ozdes.— By  pricking  off  the  points 

^11  ^8*  ^W  ^  ^l»  ^2>  ^I 

and  0,  from  Fig.  346, 
tfnd  joining  them  as  in 
Fig.  353,  a  doubly  ob- 
lique prism  of  the  fourth 
order  may  be  derived, 
similar  in  form  but  dif- 
fdzing  in  magnitude  and 
position  from  that  of 
the  first  order.  This 
prism  is  a  combination 
of  three  forms,  each 
^fif-  **^'  consisting  of  a  pair  of 

parallel  faces.    F|  Hj  F,  6^  and  B^  H,  B,  G,  are  regarded  as  faces  of  the  brachy-ptna- 

coids,  being  parallel  to  the  axes  Pj  P,  and  M^  M,  (Fig.  346). 

Symbols.— The  faces  of  both  the  other  forms  cut  the  axes  P,  P,,  M|  M,,  at  the 

extremities  of  their  parameters,  and  are  parallel  to  the  third  axis  T^  T,  (Fig.  346). 
The  symbol  for  the  form  whose  faces  are  B^  Fj  Hi  G,  and  H^  Gi  F,  B,  is   oo  1  1 ; 

»P»  00 Naumann ;  0  1 1  Miller;  D>  Brooke  and  Levy. 

The  symbol  for  the  form  whose  faces  are  B|  F^  G^  H,  and  G.^  Hj  F,  B,  is  od  1 1 ; 

jPj  00  Naumann :  Ol  1  Miller ;  C*  Brooke  and  Levy. 

The  form  oo  1 1 ;  jP,  oo  Naumann ;  0  1  1  Miller ;  D^  Brooke  and  Levy,  occurs  in— 
Axinite        North  polar  distance    44«4a'         Longitude  Wert    90«  (f 


Babiogtonite 
Blue  Vitriol 


29=>  sy 

50^28' 


90»   (f 


Axinite  has  a  cleavage  parallel  to  this  form. 

The  form  oo  1 1 ;  jP,  oo  Naumann ;  0  1 1  Miller ;  C*  Brooke  and  Levy. 
Axinite        South  polar  distanco    44'>48'         Longitude  West    W*  (f 

DeziTed  Doubly  Oblique  Pxisma  of  the  Fourth  Order.— By  making  OPi 
and  OP,  (Fig.  346)  m  times  the  parameter  OP  (Fig.  342),  where  m  may  be  any  whole 
number  or  £raction  greater  or  less  than  unity ;  and  from  Fig.  346,  so  altered,  obtaining 
a  prism  of  the  fourth  order,  a  series  of  prisms  may  be  derived,  similar  in  form  and 
position,  but  differing  in  magnitude  from  Fig.  363. 

SymboU.^The  symbol  for  the  form  whose  faces  are  Bj  F^  Hj  Gj  and  11^  Q^  F,  B.. 

1*8  00 1  m ;  «n  jPj  oo  Naumann ;  0  tn  1  Miller ;  D*  Brooke  and  Levy. 
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Fig.  354. 


The  symbol  for  the  fonii  wliose  faoea  are  B^  F^  G^  11,  and  G,  H^  F,  B^  is  oo  1  m  ; 

m  ,P,  00  Kaumann ;  0  m  1  Miller ;  C"*  Brooke  and  Lerr. 

The  form  oo  1  J  ;  J  'P  op  Naumann ;  0  1  2  Miller ;  D-  Brooke  and  Levy. 
Axinlte        North  polar  distance    26'>2r         Longitude  West    90"*   C 

The  form  oo  1  2 ;  2  'P  oo  Kaamann ;  0  2  1  Miller;  D^  Brooke  and  Levy. 
Albite  North  polar  distance    42^34'         Longitude  West    90"  0' 

Christianite  „  „  42' 38'  „  „       90'   0* 

OligocUse  „  „  42' 34'  „  „        90'  C 

The  form  oo  1  2  ;  2  ,P,  oo  Naumann ;  0  2  1  Miller ;  C'J  Brooke  and  Levy. 
Albite  North  polar  distance    46^  5'         Longitude  East      90'  0' 

Christianite  „  „  40' 47'  „  „       90'  (/ 

Oligoclase  ,.  „  4(i'   5'  „  „        90'   0' 

9m^ly  OVli^pw  OctalMdx^iu— The*<f(7t/d/y  oblitjue  octahedron,  or  the  trichnohe- 
dritpjfraaudy  is  a  aolid  bounded  by  eight 
scalene  trianglos.  These  triangular  faces 
are  onlj  eqiiol  and  similar  to  each  other 
m  pairs ;  every  faee,  such  as  P^  Mj  T] 
(Fig.  3d4),  having  a  similar  and  oqual 
face,  P,  M,  Ts,  paraUel  to  it  This  soUd 
may  be  regarded  as  a  combination  of 
four  open  forms,  each  form  consisting  of 
a  pair  of  similar  and  parallel  faces. 
These  forms  are  caUed  teiarto-pjframidSj 
and  can  only  appear  in  combination  with  otliar  forms. 

To  draw  the  doubly  oblique  octahedron.— Vrick  off  from  Fig.  346  the  points  Pj,  P,  , 
Mt,  M,,  T^  and  T^  and  join  them  as  in  Fig.  354. 

Ages,— The  axes  of  the  doubly  oblique  or  anorthic  system  join  the  points  P,  Vo, 
Ml  M„  and  T,  T,  (Fig.  354). 

Symbols. — Every  face  of  the  doubly  oblique  octahedron  cuts  tha  three  axes  Pj  Po, 
M|  My  and  T|  Tj  at  the  extremities  of  their  parameters. 

The  symbol  for  the  form  whose  faces  are  P^  M^  Tj  and  P,  M,  To  is  1  1  1 ; 
pi  Naumaim ;  1  1  1  Millw ;  O^  Brooke  and  Levy. 

The  symbol  for  the  form  vhosc  Jbces  are  P,  M^  T^  and  Pj  M,  Tj  is  1  1  1 ; 
»P  'Svxmmm ;  1  1  1  Miller ;  E^  Brooko  and  Levy. 

The  symbol  for  tho  form  vhosc  faces  arc  Pj  M^  T^  and  Pj  ^f  ^  Tj  is  1  1  I ; 
P^  Naumann ;  1  1  1  Miller ;  A*  Brooke  and  Levy. 

-    The  symbol  for  the  form  whose  faces  are  P,  M^  Tj  and  P^  Mj  T,  is  fl  1 
iP  Naumann;  111  Miller ;  I^  Brooke  and  Lpvy. 

To  describe  a  Ketfor  the  Doubly  Oblige  Octahedron.— 
Let  a,  fi,  and  7  be  the  three  angular  elements  given  imder 
those  letters  for  a  particular  substance  (page  458),  whose 
octahedron  is  to  be  eonatnicted. 

Draw  two  lines  OMj,  OP,  (Fig.  355),  making  the 
angle  a,  with  each  other,  produce  OM^  to  M,,  make 
OMi,  OMj  each  equal  to  the  parameter  OM  (Fig.  342) 
constructed  for  the  particular  substance,  and  OPi  equal  to  the  parameter  OP  (Fig.  342). 
Join  P|  Mj  and  Pj  M,. 


INORGANIC  NATURE.— No,  XVI. 


2b 
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Draw  OPi,  OT,  (Fig.  856),  making  the  angle  $  with  each  other,  produce  OTj  to  T» 
nuike  OTi  and  OT,  equal  to  OT  (Fig.  342),  and  OP^  equal  to  OP  (Fig.  342).  Jom 
Pj  Ti  and  Pj  T,. 

Hi 


Fiff.  S56. 

Also  draw  OTi  and  OMj  (Fig.  357),  making  the  angle  y  with  each  other,  prodoee 

OTi  to  T»  make  OTi  and  OT,  equal  to 
OT  (Fig.  342),  and  OM ^  equal  to  OM 
(Fig.  342).    Join  Ml  Ti  and  Mj  T,, 

Then  Fig.  368,  draw  M^  Tj  equal 
to  Ml  T,  (Fig.  367),  on  it  oonstraot 
the  triangle  Mj  P^  T,  haying  its  side 
Ml  Pi  equal  Mj  Pi  (Fig.  355),  and  the 
temaining  side  l^i  Ti  equal  P^  Ti  (F%. 
356). 

On  Pi  Ml  construct  the  tiiangU 
Pi  T,  M„  haying  Mi  T,  equal  U^  T, 
(Pig.  367)  and  Pj  T,  equal  to  Pj  T, 
(Fig.  356). 

On  Pi  T,  construct  the  tziani^ 
Pi  T,  M,  haying  T,  M,  equal  Tj  Mi 
(Fig.  367)  and  Pi  M,  equal  Pi  M, 
(Fig.  866). 

On  Pi  M|  construct  the  tiian^^ 
Pi  M,  T,  haying  M,  T,  equal  Mi  T, 
^Fig.  367)  and  P,  Tg  equal  Pi  T, 
(Fig.  356). 

Then  construct  four  other  txiangks 
equal  and  similar  to  each  of  these,  and  arrange  them  as  in  Fig.  358,  and  the  net  wtU 
he  described. 

The  form  1  1  I ;  Pi  Kaumann;    111  Miller;   0^  Brooke  and  Leyy,  has  hecn 
ohseryed  in 

Albite  North  Polar  diitsaoe    04°  44'    Loogitnde  West   83»  Stf 


Fig.SM. 


Axinito 

Christianite 

Oligoelue 


64°  57' 
54»  2r 
M«  44' 
410    ff 


45"  41' 

SI"  88* 
S3*  «r 
59»    er 


The  form  1  1  1 ;  >P  Naumann;  1  1  1  Miller;  E^  Brooke  and  Leyy. 
Axinite  North  Polar  distuioe   W  S6r   Longitade  West  150» 


Bluo  Vitriol 
Christianite 
SMSoline 


48"  51' 
45"  14' 
48«»    (f 


118"  24' 
148"  Sy 
119"  55' 


The  form  111;  Pi  Kaumann;  111  Miller ;  A^  Brooke  and  Levy. 
BasMline    North  Polar  dirtanee    60^52'    LongitadeEMt    190^54' 
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The  fonn  1  1  1 ;  ^P  Nanmazm ;  1  1  1  HOler ;  I^  Brooke  and  Levy. 

Albita            North  Polar  dlftanoe  97«87'  Lcmgitade  Ewit  S9»l(r 

Azinite          South     „          „  60°  (T          „  Wert  150«   1' 

Chilitlaiilta   North    ,»          ,,  66PW         „  Eart  SS»25' 

OligoelMO      North     „          „  67»87'          „  Eart  S9<>  16* 

North     „          „  42»dr          „  Eaat  60°   6' 


AftguUur  EkmmiU  of  the  Anorihic  SytUm, — Fire  of  the  angular  elementB  giyen  in 
page  458  are  neoeaNory  for  the  constmctioa  of  any  of  the  forms  of  the  anorUiioayitem ; 
a  18  the  inclination  of  the  axis  OP^  (Fig.  340)  to  0M|,  /3  of  the  aids  OP^  to  0T„ 
and  y  of  the  axis  OH^  to  0T| ;  A  is  the  inclination  of  the  plane  P|  0T|  to  the  plane 
M|  OTi ;  B  ifl  the  inclination  of  the  plane  P^  O^i  to  the  plane  Mj  OTi ;  and  0  is  the 
inclination  of  the  plane  Pj  OH^  to  the  plane  Pj  OTj ;  the  remaining  elements  Z  and  c 
depend  upon  the  ratios  which  the  uneqoal  parameters  0P|,  0M|  and  OTj  hear  to 
each  other. 

BeilT«d  3Doi&My  Oblique  Octahediona.— By  maldng  OP^  and  OP,  equal 
to  m  times  the  parameter  OP  (Fig.  342)  where  m  may  he  any  whole  number  or 
fraction  greater,  equal  to,  or  less  than  unity ;  and  OT^  and  OT,  equal  to  n  times  the 
parameter  OT  (Fig.  342),  where  n  is  any  whole  number  or  fraction  greater  than  unity, 
we  may  from  Fig.  342  so  altered  deriye  a  series  of  doubly  oblique  octahedrons,  whoee 
general  symbol  will  be  n  1  m.  By  making  0M|  and  OM,  equal  to  »  times  OM 
(Pig.  342)  instead  of  0T|  n  times  OTj,  we  may  obtain  another  series  of  octahedrons 
whoae  general  symbol  will  be  1  it  m. 

SymboUfwr  the  Fornu  eompoting  ih$  Derived  (ktahedretu. 
The  symbols  for  the  form  1  1  m  are  m  P^  Naumann ;  «i  m  1  Miller ;  0"*  Brooke 
andliOTy. 

For  the  fonn  1  1  m ,  m^V  Naumann 


;  For  the  form  11m 
For  the  form  11m 
For  the  form  1  n  1 
For  the  form  1  n  1 
For  the  form  1  »  1 
For  the  form  1  »  1 
For  the  form  nil 
For  the  form  nil 
For  the  form  nil 
For  the  form  nil 

For  the  form  1  n  m 
For  the  form  1  n  m 
For  the  form  1  »  m 
For  the  form  1  n  m 
For  the  form  n  1  m 


;  m  m  1  Miller ;  £"*  Brooke  and  Levy, 
m  iP  Naumann ;  m  m  1  Miller ;  I"*  Brooke  and  Levy, 
m  P|  Naumann ;  m  m  f  Miller ;  A"  Brooke  and  Leyy. 
Pj  n  Naumann ;  n  1  n  MQIer ;  ^0  Brooke  and  Levy, 
ip  n  Naumazm ;  n  1  n  Miller;  ^E  Brooke  and  Lery. 
iP  n  Naumann',  nl  n  Miller;  J  Brooke  and  Levy. 
Pj  n  Naumann ;  n  1  n  Miller ;  Jl  Brooke  and  Levy, 
pi  ft  Naumann ;  1  n  n  Miller;  0^  Brooke  and  Levy, 
ip  n  Naumann ;  1  n  n  Miller;  £^  Brooke  and  Leyy. 
jP  n  Naumann ;  1  n  n  Miller ;  I^  Brooke  and  Leyy. 

Pj  n  Naumann';  Inn  Miller ;  An  Brooke  and  Levy. 

^  111 

m  pi  n  Naumann  \  hhl  Miller;  D*  F<  Hi  Brooke  and  Levy. 

w  111 

m  ip  nNaumann;  h  A;  ^Miller ;  B^  D*'  G'  Brooke  and  Leyy. 

w  _  111 

m  iPnNaumann;  A  Ar^Mfller;  F^  (^  (f  Brooke  and  Levy. 

w  _  >     >     L 

m  P,  n  Naumann;  hhl  Miller ;  G*  B»  H<~  Brooke  and  Leyy. 

>     1     1 
mPinNaumann;Aik/Miller;  D'^  F£  H'  Brooke  and  Leyy . 
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I      1       1 
ForthefocBiAlm;  m  ^P  n  Naununm ;  A  £  ^  ICiUer »  B^  D*  CM' Brooke  and  Levy. 

Ill 
For  the  form  «•  1  m ;  m  ^P  «  Kauauum ;  hkl  Miller ;  F^  <>  G^  Bnoko  and  Levy. 

Ill 
For  the  form  nl  m;  m  Pj  n  Naumazin  ;h  k  I  Miller ;  (X  Bi  H'  Brooke  and  Levy. 
The  relation  hetveen  the  symbols  hkl,  and  1  m  m,  is  that  Am  former  are  the 
niuneratoni  of  the  reoiprocab  of  the  latter  reduced  to  a  contnon  dewimiiiator. 

The  form  1  1  J  ;  J  P^  Naumann ;  1 1  2Tdler ;  0*  Brooke  and  Levy  occurs  in 
Albite       North  Polar  distance    29'' 5a       Ix)ngitQde  West   SS°5<r 

Theforml  1  i;  iiPKauaann;  1 1  2  MiUer;  I^  Brtx>ke  and  Levy. 
Albite       North  Polar  distsnoe    29^6^       Longitade  East    29^6^ 
Axinite     Soalk     „        „  SS^  9  „        West  ISO"*   1' 

The  £»3n  1 1  2 ;  2  ^P  Nanmaan ;  2  2  1  MiUer  -,  P  Brooke  and  Levy. 
ChriBtianite    North  Polar  distance    85'   7'       LoBgitnde  East    3S'>1V 
OUgoelase       Boath     „        „  65°  17'  ,,  „      29' le' 

The  form  13  3;  3  F  3  Naumann;  311  Miller ;  I)i  F  H^  Brooke  and  Levy. 
Bluemriol    North  Polar  distance    86<»23'       Longitude  West    £6^51' 

The  form  r2  2;  2  ip  2  Naumaia ;  2  1  1  Miller,  B^  D^  G^  Brooke  and  Leyy. 
Slue  Titriol    North  Polar  distant    51»   V       LoD«;itiide  West  US'"   5' 

The  form  12  2;  2iP2Kaumann;  2l  1  MiUer;  F^  C  O*  Brooke  fl(nd  Lery. 

Axinite    South  Polar  distance    7i'>  27'       Longitude  West  169"*  59^ 

The  form  2  1  4;  4  Pi  2  Naumann;  2  4  1  Miller;  D*  pl  H^  Brooke  and  Levy. 
ChrtBtfatttite    North  Pofaff  distance    81«2r       Longitude  Wert    51^21' 

The  form  2  i  4 ;  4  jP  2  Naumann ;  2  4  1  Miller;  F^  ci  G^  Brooke  and  Levy. 
ChHstiftnite    North  Polsr  distanoe    88^*  4t       Longitude  Bast    fi5*»2r 

The  form  2  1  2;  2Pi2Naumann;  1  2  1  Miller;  D^  F*  H»  Brooke  and  Leyj-. 
Axinite   North  Polar  diatmee    7if*  V       Loagitude  West    6P17' 

Theformaid;  SFSNaamann;  ISlMilkr;  I)>  F^  H^  Brooke  aad  Levy. 
Axinite    North  Polar  distance    76°  84'       Longitude  West    69'   8' 

To  determine  the  position  of  the  poles  of  any  form  on  the  sphere  of  prt^'eetion, — If  A,  X- 
and  /  be  Millef  8  symbols  for  any  face,  and  \  the  aorth  polar  distance  of  the  pole  of  one 
of  its  faces  on  the  sphere  of  projectioni  and  /&  the  longitude  of  that  pole,  west  from  the 
point  where  the  axis  0  T^  outs  the  sphere,  the  point  where  the  axis  0  Z  cuts  the 
sphere,  or  ibe  pole  of  the  face  oo  co  1,  being  taken  at  the  north  pdo  of  the  spbere. 

tail  4>  =  i  COS  y  tan  8        y  =:  *  cos  (45  +  9)  cot  8  cosec  7  sec  45  sec  <p 

tan  e  =  -*  cos  )5  tan  e        f/=zl  cos  (46  +  6)  cot  c  cosec  /8  sec  45  sec  « 

tan  t//  =^  COS  A  r  =  j'  cos  (46  +  ^)  coaec  A  sec  45  sec  if* 

tan  M  =  *  tan  X  ^  -  sec  u 

/*  r 

"When  hz=o  and  kzizo  then  q:=zo;  when  A  =r  0  and  /  :=  0  then  ^  =  0 ;  and 
▼hen  g=io  and  g*  =  0,  then  r^io.    d,  9  and  if^  are  subsidiaiy  angles. 
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TWIN  CRYSTALS. 

A  T^im  (hryUaL,  or  Mtuia  Crysial,  is  composed  of  two  crystals,  or  similar  portions  of 
two  cryltmls  joined  together  ia  such  a  manner  that  one  would  come  into  the  position 

Px 

Pa 


<Si. 


Pig.  359. 
of  the  other  by  revolvio^  through  two  right  angle 
to   a  plane,  which  either  is,  or  may  be,  a 
face  of  either  ciystaL    From  this  property, 
twin  crystals  are  called  hemitrope  ciygtttls,  by 
llaiiy. 

The  taaa  about  which  the  crystals  are 
supposed  to  revolve  is  called  the  twin  axis, 
and  the  plane  to  which  it  is  perpendicular 
the  twin  plane. 

Twin  Crystal  of  the  Octahedron  dbovt  the 
OetahedraijLna.—li  we  bisect  the  edges  P,  P4 
(Fig.  361),  P,  P»  P5  P^  P.  Pe,  P3  Pe,  and 
P3  p4*of  the  octahedron  Pi  Pj  P„  by  the  points 


Fig.  360. 
I  round  an  axis  which  is  perpendicular 
3Pi  yxz 


P!gr.  862. 


^1*  Oz}  <hi  ^4)  ^5  <u^d  a„  and  join  these 
points;  then  suppose  the 
octahedron  cut  in  half  by 
a   plane    passing    through 

1  ^2  ^3  ^4  ^5  ^  ^^^  ^  ^\iQ 
axis  or  pin  passed  through 
thfi  centre  of  the  octahedron 
perpendicular  to  the  pUae 
OiO^a^a^a^Ot.  Thisaxii'.will 
oonespood  to  tbe  octahedral 
axis  Aj  Aj  (Fig.  17),  if  the 
octahodroQ  be  inscribed  in 
a  cube,  as  in  Fig.  21. 

Let  now  the  lower  portion 
of  the  octahedron  be  s^tr 
rated  from  the  upper  and 
made  to  revolve  through  an 
angle  of  ISO*',  round  the 
axis  A,  At,  till  it  eoBWS  sac- 
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cesuyely  into  the  position  shown  in  Figs.  860  and  359 ;  and  a  Uom  crytUd  wiU  be 
formed.  The  plane  a^  a,  &c.  a«)  is  the  twin  plane,  and  the  line  A,  A«,  which  ia  per- 
pendicular to  it,  I2ie  twin  axis. 
This  twin  cryatal  is  of  fre- 
quent oocnirence  amoAg  crys- 
tals of  the  diamond  and  die 
spinelle  ruby. 

Twin  Oiyital  of  the  QJk 
aboui  the  OcUUMral  jixu.— 
By  bisecting  the  edges  of  ths 
cnbe  A4  Aj  (Fig.  362),  A^  A^ 
A.y  Aft,  Aj  A^  Aj  Af,  Ay  Aj, 
in  the  points  a^  a,  Oj  a«  05  and 
«% ;  maJdng  a  section  of  it  by  a 
plane  paasing  through  these 
points,  and  causing  the  lower 
section  to  rerolTe  through  an 
angle  of  ISO**  round  the  axis 
Fig.  S6S.  Aj  A^,  when  it  will  come  into 

the  position  indicated  in  Fig.  863,  we  shall  obtain  a  twin  crystal  of  the  cube. 

The  twin  crystal  of  the  octahedron  (Fig.  361),  and  of  the  cube  (Fig.  363),  present 
oases  of  some  of  the  fisces  being  inclined  to  each  other  at  re-entering  angles.  This  is  a 
general  characteristic  of  twin  crystals ;  though  there  are  instances,  of  which  the  twin 


of  the  rhombic  dodecahedron  is  one,  where  the  twins  are  united  without  producing  re- 
entering angles. 

Twin  Crystals  of  the  Rhombie  J>odecah4dron  about  ths  Octahedral  Asie, — Take  pointe 
«!  a,  03  and  a^  on  the  edges  of  the  rhombic  dodecahedron  (Fig.  365),  such  that  O4  Oj  u 
one-third  of  P|  O4 ;  0|  a,  one-third  .of  Ps  Oi ;  O5  a,  one-thixd  of  O5  Py  and  O^  ««  one- 
third  of  Oe  Pe ;  join  a^  a^  a^  and  draw  a^  a,  parallel  to  ^3  04,  a,  05  to  a,  «^  and 
^5  ^4  to  Oi  Oy  The  plane  passing  through  aj  a,  03  &c.,  a,  will  be  perpendioolar  to  the 
octahedral  axis  A,  Ag ;  a  section  being  made  through  this  plane  and  the  lower  part  of 
the  rhombic  dodecahedron  made  to  reyolye  about  the  axis  A,  A^  until  it  comes  into 
the  position  (Fig.  364),  a  twin  crystal  will  be  formed,  which  has  no  re-entering 
angles. 

It  is  not  essential  that  the  members  of  a  twin  erystal  should  be  exactly  the  hslf 
of  the  form  from  which  they  are  deriyed.    Thus  two  sections  of  the  octahedron,  similsr 
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to  thii  aliowii  in  Fig.  11,  may  be  united  to  form  a  twin.  Sometimes  the  two  membera 
«f  the  twin  may  both  be  completely  formed,  so  as  to  produce  the  appearance  of  two 
crystals  penetrating  one  another.    ThusFig.  366  represents  each  cube  in  Fig.  363 


Fig.  866.  Fig.  367. 

oompleted,  and  forming,  as  it  were,  two  cubes  penetrating  each  other.    This  form  of 
twin  crystal  is  frequently  found  in  fluor  spar  and  iron  pyrites. 

Fig.  367  represents  two  octahedrons  of  fahlerz,  or  gray  copper  ore,  intersecting 
each  other,  and  farming  a  twin  crystal. 

NeUfw  Twin  OryttdU  of  the  Octahedron. 

Pi  /       \  Pi 


Fin.  868. 


Fig.  869. 


Fig.  870. 


Prick  off  the  points  Pj  P5  P,  Oj  Bj  E4  from  Fig.  22;  join  Pj  P.,  P,  P,,  P^  P,  and 
R4  Bi,  then  one  triangle  similar  and  equal  to  P^  Pg  P^^  three  equal  to  P|  B4  Bj  and 
three  trapeziums  similar  and  equal  to  B^  B4  P5  Py  and 
a  regular  hexagon  haying  its  sides  equal  to  B|  B|  j 
ananged  as  in  Fig.  369 ;  wiU  form  the  net  for  one 
member  of  the  twin;  the  axis  wiU  pass  through  the 
point  Oi  of  the  triangle  P^  P5  P,  and  the  centre  of  the 
hexagonal  iiAce. 

NtAfor  the  Twin  Cryetal  of  the  Rhombie  Dodecahedron, 
—Draw  the  rhomb  Pj  0^  0,  P,  (Fig.  370)  simOar  and 
equal  to  the  rhomb  (Fig.  30).  Through  Bj  the  centre 
of  the  rhomb  draw  the  line  a^  B^  a,  perpendicular  to 
Pi  O,  or  Oi  Py  Then  three  rhomlw  similar  and  equal  to  Pj  0,  P,  0^;  six  trapeziums 
similar  and  equal  to  P|  0^  a,  a„  and  a  regular  hexagon  having  its  sides  equal  to 
Oi  Ot,  arranged  as  in  Fig.  371,  wiU  form  a  net  for  one  member  of  the  twin.  The 
twin  axis  wiU  pass  through  the  point  where  the  three  rhombs  meet,  and  the  centre  of 
the  hexagonal  &oe. 


Fig.  871. 
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When  the  clystallographie  axes  of  the  two  members  of  the  twin  crystel  ere  psnlkl 
to  each  othei*,  aa  in  the  case  of  the  twin,  Fig.  367,  so  that  the  deevagcs  of  the  ooo  ue 
'parallel  to  or  continued  one  into  the  other  without  inteimption ;  m  camiol  deitanune 
with  certainty  whether  such  crystals  are  to  he  considered  as  twins,  or  only  single 
crystals  whose  faces  are  repeated  with  a  certain  degree  of  regularity.  Thus  it  is 
doubtful  whether  Fig.  367  is  a  twin,  or  a  regular  combination  of  the  positive  and 
negatiye  tetrahedrons,  Figs.  92  and  93. 

In  pyrites  the  positive  and  negative  pentagonal  dodecahedrons.  Figs.  113  and  114,  , 
and  in  the  diamond  the  positive  and  negative  siz-£gu^  tetrahedrons,  Figs.  107  and  108,  i 
are  united  together  in  a  similar  manner,  forming  doubtful  twins.  , 

Tictn  Crystals,  Cktbio^  System,  , 

Twin  face  parallel  to  a  face  of  the  octahedron.  1 

Alabaadine  Diamond  0«letui  Prrlta  | 

Blende  Fahlerz  '  Gold  SUTer 

Bornite  Fluor  Linneite  Spinella  , 

Copper  Gahnlte  Magnetite  Tennantite 

Twin  face  parallel  to  a  face  of  the  rhombic  dodecahedron. 
Diamond  Eulytine  Fahlerz  Pyrite 

Tunn  Crystals  Pyramidal  System. 

Twin  £dicc  parallel  to  a  face  of  the  square  prism  1  oo  c»  . 
Towanite 

Twin  face  parallel  to  a  face  of  the  square  prism  1  1  oo . 

Scheelite  \ 

Twin  face  parallel  to  a  face  of  the  pyramid  1  oo  1. 

Casflitcrite  Fanjasite  Entile  Scheelite  Towanite 

Twin  face  parallel  to  a  face  of  the  pyramid  1  qo  3.  ! 

Botile 

Twin  face  parallel  to  a  face  of  the  pyramid  111.  i 

Hanamunnlte  Tin  Towanite 

Twin  face  parallel  to  a  face  of  the  pyramid  113. 

Tin  •  I 

Ticin  Crystals  Rhomdehedral  System,  j 

Twin  fiicc  parallel  to  a  face  of  the  basal  pinacoid  oo  oo  1. 
Ankerite  Cinnabar  Hematito  LeTine 

Caldte  Dolomite  Ununite  Pjxai^rite 

Chabaidte  Gmelinite  Ico  Quartz" 

Twin  face  parallel  to  a  face  of  the  hexagonal'prism  of  the  second  order  1  1  oo . 
Phenakite 

Twin  face  parallel  to  a  face  of  the  sin- faced  pyramid  of  the  first  order  12  1. 
Quartz 

Twin  face  parallel  to  a  face  of  the  positive  rhomboid  +  H. 

Caldte  Corunluni  Hematite  Quartz  Pyrargyrite 

Twin  face  parallel  to  a  face  of  the  positive  rhomboid  +  3  I^* 

Tctradymite  PyrargjTitc 

Twin  face  parallel  to  a  face  of  the  negative  rhomboid  —  J  K. 

Ankerite  Bi.<nnuth  Cbnlybite 

ArBenic  CHlcitc  Dioptaae 

Twin  fiice  parallel  to  a  face  of  the  negatire  rhomboid  —  2  B. 
Caldte 
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The  following  figures  show  some  of  the  beautiful  fonas  asBumed  by  twin  crystals 
of  ice  or  snow. 


Twin  CnjsUilS'^PrismaHe  System. 

Twin-face  parallel  to  a  face  of  the  macro-pinacoid  oo  1  oo. 

WoiAram. 
Twin-face  parallel  to  a  face  of  the  brachy-pinacoid  1  co  oo. 

Struvite. 

Twin-iSice  pandlel  to  a  face  of  the  prism  of  the  1st  order  1 1  oo. 

AUitonite.  Epistilbite.  Phillipsita.  Stromejezite. 

Antimoneilber.  Glaserite.  Bedruthite.  Sulphur. 

Ar«4^nite.  Harmotome.  Sternbergltc.  WiUierHiw 

Boaraonite.  Marcasitc,  Stephanitc.  Zinckenite. 

CeriiMite.  MispickeL  StrontianUe. 

Twiii-jboe  parallel  to  a  face  of  the  prism  of  the  2nd  order  1  oo  1. 

GbrTBolwrjd.  Leadhillite.  Manganite. 

TwiBr^Me  farallel  to  a  iace  of  the  prism  of  the  2nd  order  1  oo  |. 

SUoroUlD. 
Twin-face  parallel  to  a  face  of  the  prism  of  the  2nd  order  1  oo  2. 

NioUte. 
Twin-face  parallel  to  a  face  of  the  prism  of  the  2nd  order  1  oo  |. 

Wolfram. 
Twin-face  parallel  to  a  face  of  the  prism  of  the  3rd  order  oo  1  1. 

Marcasite.  MispicktL  ftnithi—tf.  Stilbite. 

Twin-face  parallel  to  a  face  of  the  pyramid  cf  the  1st  class  \  \  \. 

Bedruthite.  Stromejvrite. 

Twin-face  parallel  to  a  face  of  the  pyramid  of  the  2nd  class  1  ^  f . 
Staurolite. 

Twin  CrytaU^OtUq^  SyiUm, 

Twin-face  parallel  to  a  face  of  the  baial  pinaeoid  oo  oo  1. 

Epidote.  FelBpar.  MlrabHitc. 

Twin-face  parallel  to  a  face  of  the  ortho-pinacoid  1  oo  oo. 

Acmite.  Felipar.  OTpsnm. 

Amphibole.  Feuerblende.  Linarite. 

Augite.  Freiealebenitc.  HaUclJite. 

Epidote. 


Sphene. 


Rhraeolite. 

Scolezite. 

Yaaquelinite. 
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Twin-face  parallel  to  a  face  of  the  prism  3  1  oo. 

Felspar. 
Twin-face  parallel  to  a  fS^e  of  the  prism  1  oo  1. 

Gheaiylite.  Gypsum.  Natroi. 

Twin-face  parallel  to  a  face  of  the  prism  1  oo  2. 

Hnmite. 
Twin-fSaoe  parallel  to  a  &ce  of  the  prism  oo  1  1. 

WooUstonita. 
Twin-face  parallel  to  a  fiuse  of  the  prism  oo  1  2. 

Felspar.  Bhyioolite. 


Sphene. 


WbcweUite. 


Tiffin  CryttaU—Anorthic  QiftUm. 

Twin-fiMe  parallel  to  a  fituie  of  the  basal-pinaooid  oo  oo  1. 

Labradmite. 
Twin-fSuse  parallel  to  a  face  of  the  macro-pinaooid  oo  1  oo, 
Christiiuiite.  Lataidorite. 


Twin-axis  perpendicular  to  the  plane 
00  1  00,  and  1  1  00. 


OUfodase. 
through  the  poles  of  the  forms  I  1  oo, 


Twin-axis  perpendicular  to  a  face  of  the  plane  passing  through  the  poles  of  the 
forms  00  00 1, 1  00  1^  and  1  oo  2. 
Albite.  OUgoehuM. 

Twin-axis  perpendicular  to  a  face  of  the  piano  passing  through  the  poles  of  the 
fbrms  1  00  00,  1  1  00,  and  1 1  oo. 


Fsaudomioiphoiu  Czystals.-'Pseudomorphoas  crfstals  are  those  which  pre- 
sent the  form  of  a  mineral  difforing  from  that  of  which  they  are  composed.  They 
may  be  produced  by  the  decomposition  of  the  crystal  after  it  has  been  formed,  or  by 
another  substance  being  deposited  upon  it  so  as  to  assume  its  form.  Sometimes  after 
another  substance  has  been  deposited  on  a  crystal,  the  crystal  may  hare  been  remoTed, 
and  a  third  mineral  deposited  in  its  cast. 

The  following  Ib  a  Ust  of  pseudomorphous  substances  quoted  by  Professor  Miller 
from  Blum : — 

Fttudomorphoua  by  Laaa  of  an  Ingredient. 


Gakite 
Qaarts 
Kyanite    . 
Steatite    . 
Oopper     . 
Axventite. 


Yalentinite 
Angleeite . 


limonite  . 
Malaiohlte. 
Bomite  and  Towanite 


replaeing  erystala  of  Oajluasite. 

„  Healandite  and  StUblte. 

f,  Andalnaite. 

„  Amphibole. 

„  Cuprite. 

f>  Pyrargyrlte. 


Paeudofmrphma  by  th*  Addition  of  an  Inyrtdient. 

replaelBg  crTBtali  of  Kantenlte. 

„  Finite. 

„  Antimony. 

M  Qalena. 

„  Magnetite. 

M  Hematite. 


Cuprite. 


Cuprit 
Bedrut 


ithite. 
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Floor  and  Oypram 
Cftldte      .       . 


CalMdony 


Opal  and  dmoUte 
LnhnmaTge 
Kaolin      .       . 


Ifiaa,  Hardlkhlimit 
lite,  FaUoBite, 


AmdomorphouB  btf  Eaeehang^  of  Ingr$dienU, 

npladng  oryttals  of  Wiiherito  and  BarTtooaloite. 
Caldte. 
Gypsanu 
Calelta. 
DathoUto. 
Amphlbole. 
Angito. 

Topas,  Felspar,  and  Nepheline. 
Fel>]Mur,  Porxellanspatb,  and  Lenoite. 
Aadalnaite,  Fel^ar,  SeapoUte,  aadToormaliii*. 


kite. 


Soudorfflte,  Chlorophyl- 
Ute,  Weinite,  PlaaeoUte, 
*^         "Ute,      GigantoUite, 


GoTdierite. 


lUo. 


SteaUto 


oerpcntiiie 


Chlorite 

FTToliiaite,  Hanamannite.  Man- 
ganite,  Talantinlte,  StlUoUte, 
and  Blermes  •       •       •       • 

'WlBmnthoeker 


Analdne.  Meiotype,  and  Leonhardite. 
( Chiaatollte,  Kyanite,  Conseranite,  Fel«par, 
(     and  P  vTope. 

/Magnente,    Splnelle,  Qnartx,   Andalnsite, 
I     ChiaatoUte,  Topaa,  Felspar,  Mica,  Scapo- 
~  Statizdlite,    Garnet, 


I     Ute, 

I     Idoerase,  and  Angite. 

( SpineUe,  Mloa,  Garnet,  Angifte,  Cbondrodite, 

\     Amphibole,  and  OliTiae. 

Angite. 

Fel^tft  Oamet,  and  Ampblbole. 


Galena      . 
FyronMHrpihita  • 


Vnlfenito 


Fatrinlte. 

Galena  and  Cenuslte. 

Fyronorpbite. 

Galena  and  Cemssite^ 

Galena,  Anglealte,  Leadhillite. 

Galena. 


UnMmite  • 
l^nosiderite 
FTnte      •       • 
Melanterite 


)G5Uilte.     Pyrite,    Phannaoosiderite,  and 
I     CbalTUte. 

ICaroaaite,  flkorodite,  and  CbaljUte. 

YiTianite. 

ipsyteheL 

Fjrnte. 


PMndotriplite 
'Wolfram  . 

KupferaehTTarae 
Kopferpechors 
OoTeUne  . 
Ualaelilte 
CheisyUte 


Tline. 

ute. 
Smaltite. 
BedmtUte. 

Towanite,  and  Fahlen. 
Tovanite. 

Chessylite,  Toiranite,  and  FaUen. 
Fshlenk 


Ptwdomorphom  hif  total  Chtmgt  of  Substanct. 


Graphito 

Salt: 


replaeiBgorjBtalaof   Fnite. 


QoaTts     . 

Fraaen  and  Eiaenkieiel 

Chalcedony 

Oarnelien 
Homstone 
Soniopal  . 

"X"T  : 


I  Salt. 

/  Baryta,  Floor,  Gypsom,  Caloite^  Barytocal- 
{  eite,  Magneaite,  Scheelite,  Galena,  Cen«i. 
(    site,  HemaUte,  Pyrite,  and  Chalyhlte. 

Calcite. 

(Baryta,  Floor,  Galdta,  liagaeatte,  and 
i     Fyrcmorpbite. 

CUcite. 

Floor,  Cakdte^  Mica,  and  ChalyUte. 

Calcite. 

Floor. 

Qoartz,  Stepbanita,  and  Pyrargyrite. 
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Marcunite 
Chalybite 
Malachite 
Crraooolla 
FeldBtine,   Meerschaum,   and 

Pyrolasite    , 
PTTolusite 

HaaBmannite  and  Manganite 
PsUomelune     . 

SmlOuonite     . 

Kasaiterfte 
Cbrussite  . 
StilpaoKidcritc 
Hematite 

Limonite 

Pvrite 
Marcadte 


replacing  crrstaU  of  Pyrargyritc. 

,  Bar7te,Ca]«ita,fittdlfi«iie8ite. 

,  Calcite  and  Cenusite. 

,  Oeranite. 

I  Calcite. 

t  Magnesite. 

,  Calcite. 

,  Baryte,  Flnor^  and  Fharmacosiderite. 

i  Fluor,   Calcite,    Magnesite,   GaleiiB, 
*        i     Pyromorphite. 
,  Felspar. 

,  Baryte  and  Fluor. 

,  Mugnesite  and  Calamine, 

y  Fluor  and  Calcite. 

f  Baryte,  Fluor,  Calcite,  Magnerite^  Qi 
Comptonite,   Blende,   Oaletta,  Pyromdr- 
phite,  Cenissite,  and  Caprifte. 
,  Baryte  and  Calcite. 

,  Fluor  tmd  Calcite. - 


Pieudonwrphism  of  dimorphous  stibsCanoes. 

Calcite  .    replacing  crystals  of   Aragouitc. 

Marcosite         ....  „  Pyrite. 

Puuiomorphism  after  organic  forms. 

Calcite,  Baryte,  Celestine,  Fluor,  Orpsum,  Quartz,  Opal,  Talc^  Pyrite,  Hematite, 
Limonite,  Chalybite,  Blende,  Galena,  Cerussite,  Copper,  Towonitc,  Bomite,  Red- 
ruthlte,  and  Cinnabar. 

Dimorphism.. — Bodies  of  the  sane  chemical  coxnpqsitiQzi,  which  crystallue  in 
formfi  hdongiog  to  two  different  sjstentf,  or  if  ia  the  same  system  in  forms  which 
can  only  be  referred  to  two  different  sets  of  parameters,  which  will  be  indicated  by 
their  having  different  angular  elements,  are  said  to  be  dimorphous.  Sulphur  and  car- 
bonate of  lime  are  instances  of  diinorphoas  substances,  the  system  of  crystaJltiition  to 
which  each  of  these  will  belong  seems  to  depend  upon,  the  temperature  at  m^ieh  the 
crystal  is  formed.  Titanie  aoid  is  tri-moiphous,  as  Brookite  it  is  ptismatk;,  as  Anataae 
and  Butile  it  is  pyramidal,  but  the  angular  elements  of  Anatase  and  RutQe  diflar. 

Isomoiphism — Substances  forming  crystals  belonging  to  the  same  system,  if 
their  angular  dements  differ  but  a  lew  minutes,  are  said  to  be  isomorphous,  komamor- 
phout,  or  pUsiomorphous,  Alumina,  red  oxide  of  iron,  and  oxide  of  chrome ;  car- 
bonates of  lime  (calcite),  of  magnesia  (magnesite},  of  protoxide  of  iron  (ehalybite),  of 
protoxide  of  maaganeae  (diallogite),  of  oxide  of  zinc :  antimony,  bismuth,  arsenic, 
and  tellurium  form  three  isomorphous  groups  of  the  rhombohcdral  system.  Csa^^nate 
of  lime  (aragonite),  of  barytes,  of  strontian,  and  of  oxide  of  lead ;  Sulphate  of  potash, 
seleniato  of  potash,  chromate  of  potash,  and  manganato  of  potash  ;  sulphate  of  soda, 
scleniate  of  soda,  sulphate  of  oxide  of  silver,  and  sdkeaiate  of  oxido  of  sflTer,  sae  three 
isomorphous  groups  of  the  prismatic  system.  Gypsum,  sulphate  of  iron,  and  sdeniatc 
of  iron  is  an  isomorphous  group  of  the  oblique  system*  Seleniate  of  pxide  of  copper, 
sulphate  of  oxide  of  oopper^  and  sulphate  of  protoxide  of  manganese  are  iumorphous 
forms  of  the  anorthie  system. 

Any  chsBiieal  cdemeats  or  oompound  substances  which  will  replace  each  other  with- 
out altering  the  crystallographic  character  of  the  compound  in  which  the  change  takes 
place,  are  also  said  to  be  itomorph&ua.  Thus  in  the  garnets  and  alums,  iraa,  cdcium, 
magnesium,  and  aluminium  replace  each  other,  and  are  therefore  said  to  be  isomor- 
phous. 
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(•—iBBtnuaeiitB  wUeb  enable  us  to  detenaixke  the  angles  $X  which 
idjaoent  fiuMs  of  erysUds  t»  melm«d  to  tmsk  other,  are  eidled  fosMmftfars.  Pxafessor 
Miflcx^fl  deecn^on  of  tho  method  of  mixtg  tivm  faanag  bees  gi^ea  ia  the  chemical 
depttiiiMBt  of  this  woik,  \7«  liere  quote  lir.  Brooke's,  from  the  *^  Encjtlopsedia  Meftro- 


"  The  mutual  inclination  of  any  two  planes,  as  of  «  and  b,  Fig.  372,  is  iadioated 
by  tl»e  Kigle  formed  by  tiro  lines,  e  ^  * /,  drawn  upon  them  firaa  any  point  e  on 
the  e^  St  whieh  they  meet,  sad  peipeadioalaf  to  that  edge. 

•*l!f0wit  is  known  that  if  two  right  lines,  as^/,  rf  A,  Fig,  W*  cross  each  other 
at  any  point  €,  the  opposite  angles  d  ef,  ffeh^axe  equal.  If;  therefore,  the  lines, 
y/,  if  A,  arc  supposed  to  beYerythin  and  aarwiw  pUrtes,  a»d  to  be  attached  together 


// 


7 


rx 


Fig.  872. 


X 


Fiff.  373. 


Fig.  874. 


by  a  pin  at  a,  serving  'as  an  axis  to  permit  the  point,/,  to  be  brought  nearer  either  to 
rf,  or  to  A,  and  that  the  edges,  e  d,  */,  of  those  plates,  are  applied  to  the  pUnes  of  the 
crystal,  Pig.  372,  so  as  to  rest  upon  the  lines,  e  d^tf^  it  \a  obrious  that  the  angle, 
g  thj  of  the  moveable  plates  would  be  exactly  equal  to  the  an^e,  d  e  f^  of.  the 
crystaL 

"  The  common  goniometer  is  a  small  instrument  for  measuring  this  angle,  geh^ot 
the  moveable  plates.  It  consists  of  a  semicircle,  Fig.  374,  divided  into  360  equal 
parts,  or  half  degrees,  and  a  pair  of  moveable  arms,  dh,gf,  Fig.  375,  the  semidrole 
having  a  pin  at  t,  which  fite  into  a  hole  in  the  moveable  arms  at  e. 

"  The  method  of  using  this  instrument  is  to  apply  the  edges,  d  «,  #/,  rf  the  move- 
able aims  to  the  two  adjacent  planes  of  any  crystals,  so  that  they  «li«i1l  aotitolly  touch 
or  rest  upon  those  planes  ui  direction  perpeudicuiar  to  their  edge.     The  aim,  4  h,  ia 


Fig.  875. 


Fig.  87«. 


then  to  be  had  on  the  plate,  ma,  of  the  aemtdiole.  Fig.  874,  ^  hole  it  a  being 
suffered  to  drop  on  the  pea  at  f,  and  the  edgeneareatto  A  of  the  ana  ^«  wiU  then  mdl- 
oate  on  the  aemieirole^  as  in  Fig.  376,  tiw  mmlyer  of  degrees  whi«^  the  Bieaeored 
angle  contains. 
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<*  When  this  mBtnuuent  is  applied  to  the  planee  of  a  crystal,  the  pomt%  d  and/, 
Fxg.  375,  ahonld  be  pieyioiuly  brought  aufficieiLtily  near  togedier  for  the  edges,  d  «^  #/, 
to  form  a  more  acute  ang^  tiian  that  about  to  be  measured.  The  edges  being  then 
gently  preeeed  upon  the  crystal,  the  points,  d  and/  will  be  gradually  separated,  until 
the  edges  coincide  so  accurately  with  the  planes  that  no  light  can  be  peiosived 
between  them. 

«  The  common  goniometer  is,  howerer,  incapable  of  affording  yery  preeise  rasnltB, 
owing  to  the  occasional  imperfection  of  the  planes  of  crystals,  their  ficeqiiaot  mimite- 
nesB,  and  the  difficulty  of  applying  the  iostrumont  with  the  xequisite  degiw  of 
pfecision. 

'<  The  more  perfect  instrument,  and  one  of  the  highest  yalue  to  crystallography,  is 
the  reflecting  goniometer,  invented  by  Dr.  Wollaston,  which  will  giye  the  inclination 
of  planes  whose  area  is  less  than  i^nAnnr  ^  "^  ^^  ^  ^^^  ^^^^^^  *  minute  of  a  degree. 
This  instrument  has  been  less  resorted  to  than  might,  from  its  importance  to  the 
science,  haye  been  expected,  owing,  perhaps,  to  an  opinion  of  its  use  being  attended 
with  some  difficulty.  But  the  observance  of  simple  rules  will  render  its  application 
easy.    The  principle  of  the  instrument  may  be  thus  explained  :— 

"  Let  a  ^  Fig.  377  represent  a  crystal,  of  which  one  plane  only  is  visible  in  the   j 
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Fig.  877.  Fig.  378. 

figure,  attached  to  a  circle,  graduated  on  its  edge,  and  moveable  on  its  axis  at  o ;  and 
let  a  and  b  mark  the  position  of  the  two  planes  whose  mutual  inclination  is  required. 

"  And  let  the  lines,  oe,off,  represent  imaginary  lines,  resting  on  those  planes  in 
directions  perpendicular  to  tiieir  common  edge,  and  the  dots  at  i  and  A,  some  permanent 
marks  in  a  line  with  the  centre,  o»  < 

"Let  the  circle  be  iu  such  a  position  that  the  line,  o  e,  would  pass  through  the  dot 
at  ^  if  extended  in  that  direction,  as  in  Fig.  378.         , 

"  If  the  circle  now  be  turned  round  with  its  attached  crystd,  as  in  Fig.  377,  until 
the  imaginary  line,  0  y,  is  brought  into  the  position  of  the  line,  0  s,  in  Fig.  878,  the 
number  120  will  stand  opposite  the  dot  at  t.  This  is  the  number  of  degrees  at  which 
the  planes  a  and  h  incline  to  each  other.  For  if  the  line  0  y  be  extended  in  the 
direction  0 1,  as  in  Fig.  377,  it  is  obvious  that  the  lines,  oe^oiy  which  are  perpen- 
dicular to  tiie  common  edge  of  the  planes,  a  and  h,  would  intercept  exactly  120"  of 
the  circle. 

'<  Hence  an  instrument  constructed  upon  the  principle  of  these  diagrams  is  capable 
of  giving  with  accuracy  the  mutual  inclination  of  any  two  planes  whidi  reflect  objects 
with  sufficient  distinctness,  if  the  means  can  be  found  for  placing  them  suocessively  in 
the  relative  positions  shown  in  the  two  preceding  figures. 
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'^This  pmpose  is  eflboted  by  caiudiig  an  object,  as  the  line  at  m  (Fig.  379),  to  be 
nfieoted  snoceisiyelj  from  the  two  planes,  a  and  d,  at  the  same  angle.  It  is  well 
known  that  the  images  of  objects  are  reflected  from  bright  planes  at  the  same  angle 
as  that  at  which  their  rays  Ml  on  those  planes ;  and  that  when  the  image  of  an 
object  reflected  from  a  horizontal  plane  is  observed,  it  appears  so  much  below  the 
reflecting  sorfaoe  as  the  object  itself  is  aboye. 

**  If,  therefore,  the  planes  a  and  b  (Fig.  379)  are  suocessiYely  bronght  into 
sach  poaitioiui  as  wiU  cause  the  reflection  of  the  line  at  m,  from  each  plane,  to 


Fig.  379. 


Fig.  380. 


appear  to  coincide  with  another  line  at  n,  both  planes  will  be  suocessiTely  placed  in  the 
relatiye  positions  of  the  corresponding  planes  in  Figs.  377  and  378.  To  bring  the 
planes  of  any  crystal  successiTely  into  these  relatiye  positions,  the  following  directions 
will  be  firand  nsefiil. 

«  The  instrument,  as  shown  in  the  sketch  (Fig.  380)  should  be  first  placed  on  a 
pyramidal  stand,  and  the  stand  on  a  smaU  steady  table,  about  six  to  ten  or  twelve  feet 
from  a  flat  window.  The  graduated  circular  plate  should  stand  perpendicularly  from 
the  window,  the  pin  GH  being  horizontal,  not  in  the  direction  of  the  axis,  as  it  is 
usually  figured,  but  with  the  slit  end  nearest  to  the  eye. 

"  Place  the  crystal  which  is  to  be  measured  on  the  table,  resting  on  one  of  the  two 
planes  whose  inclination  is  required,  and  with  the  edge,  at  which  those  planes  meet, 
nearest  and  parallel  to  the  window. 

''  Attach  a  portion  of  wax,  about  the  size  of  d,  to  one  side  of  a  small  brass  plate,  e 

(Fig.  381) ;  lay  the  plate  on  the  table  with  the  edge,/, 

parallel  to  the  window,  the  side  to  which  the  wax  is 

\      attached  being  uppermost,  and  press  the  end  of  the  wax 

— '    against  the  crystal  until  it  adheres ;  then  lift  the  plate 

with  its  attached  crystal,  and  place  it  in  the  slit  of  the  pin 

GH,  with  that  side  uppermost  which  rested  on  the  table. 

'^  Bring  the  eye  now  so  near  the  crystal,  as,  without  perceiving  the  crystal  itself,  to 

pennit  the  imagw  of  objects  reflected  from  its  planes  to  be  distinctly  observed,  and 

or  lower  that  end  of  the  pin  GH  which  has  the  small  circular  plate  on  it,  until  one  of 


^^^ 
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Fig.  881. 
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the  horizontal  upper  ban  of  the  window  is  seen  reAeetod  firam.  the  upper  or  fint  plane 
of  the  cryatal,  coneapondiBg  -with  the  plane  a  (Fig,  S77},  and  until  the  image  of  Ae 
bar  appears  to  tonoh  some  line  below  the  window,  aa  the  edge  of  the  skutiiig^-baafd 
where  it  j<»n8  the  floor. 

'*  Torn  the  pin  Gfi  on  its  own  axis  «Uo^  if  necesaarf^nntil  the  rsAacted  intake  of  tbe 
bar  of  the  window  coincides  accurately  with  the  obserred  line  bdow  Hie  wiadow. 

(<  Tuni  now  tiie  small  cireuiar  handle,  S,  on  its  axis,  until  the  same  htr  of  the  win- 
dow appears  reflected  £rom  the  second  plane  of  the  Grystal  oorresponding  with  plaae  i 
(Figs.  377  and  378),  and  until  it  appears  to  touch  the  line  below ;  and  having,  in 
adjusting  tlie^«^  plane,  turned  the  pin  GH  on  iu  axis,  to  bring  the  reflected  image  of 
the  bar  of  the  window  to  coincide  accurately  with  the  line  below,  now  move  the  lotcer 
end  of  the  pin  laUraUy,  either  towards  or  from  the  instrument,  in  order  to  make  the 
image  of  the  same  bar,  reflected  from  the  second  plane,  coincide  with  the  same  line 
below. 

<<  Having  ascertaiaed  by  repeatedly  looking  at,  and  adjusting  both  planes,  that  the 
image  of  the  horizontal  bar,  reflected  successively  from  each  plane,  coincides  with  the 
observed  lower  line,  the  crystal  may  be  considered  ready  for  measurement. 

"  Let  the  180°  on  the  graduated  circle  be  now  brou^t  opposite  the  0  of  the  yemier 
at  L,  by  tuniing  the  handle,  M ;  and  while  the  circle  is  retained  accurately  in  this 
position,  bring  the  reflected  image  of  the  bar  from  the  first  plane  to  coincide  with  the 
line  below,  by  turning  the  sintUl  circular  handle,  S.  Now  turn  the  graduated  circle, 
by  means  of  the  handle,  M,  until  the  image  of  the  bar,  reflected  from  the  second  plane, 
is  also  observed  to  coincide  with  the  same  line  below.  In  this  state  of  the  instrument 
the  vernier  at  L  wiU  indicate  the  degrees  and  minutes  at  which  the  two  planes  are 
inclined  to  ett^  other. 

"  The  accuracy  of  the  measurements  taken  with  this  instrument  will  depend  upon 
the  precision  with  which  the  image  of  the  bar,  refleoted  snecessiTdy  from  both  phnaa, 
is  made  to  appear  to  coincide  with  the  same  line  below ;  and  also  upon  the  0,  or  ^ 
180%  on  the  graduated  ciiole,  being  made  to  stand  precisely  even  with  the  lower  Ihae 
of  the  vernier,  when  the  first  plane  of  the  crystal  is  adjusted  for  measaremeBt  A 
wire  being  plaeed  herijraatally  between  two  upper  bars  of  the  window,  and  a  Uack 
line  of  the  same  thickness  being  drawn  parallel  to  it  below  the  window,  will  oontribot* 
to  the  exactness  of  the  measniement,  by  being  used  instead  of  the  'hn  of  the  window 
and  any  other  hne. 

**  Persons  beginning  to  use  this  instromeat  are  recommended  to  apply  it  Urst  iothe 
measurement  of  fragments  at  least  as  large  as  that  represented  in  Pig.  881,  and  of  some 
substanoe  whose  plssiee  are  bright  Crystals  of  carbonate  of  lime  will  supply  good 
fragments  for  this  purpose,  if  they  are  merely  broken  by  a  alight  Uow  of  a  small 
hammer. 

"  For  aocurate  measivement,  howover,  the  ihigments  ought  not,  when  the  planes 
are  bright,  to  exceed  the  size  of  that  shown  in  Fig.  380,  and  they  ought  to  be  so  placed 
on  the  instrument,  that  a  line  passing  through  its  axii  should  also  pass  tfaroogb  the 
centre  of  the  small  minute  fragment  which  is  to  be  measured.  This  position  on  the 
instrument  ought  also  to  be  attended  to  when  the  fragments  of  crystal  are  laige.  In 
which  case  ihe  common  edge  of  the  two  planes,  whose  inclination  is  required,  should 
,  be  brought  very  nearly  to  ooineide  wiA  the  axis  of  the  goniomoter ;  and  it  is  fre- 
quently useful  to  blaoken  the  whole  of  the  planes  to  be  measured,  onepi  a  i 
stripe  on  eaoh  close  to  the  edge  over  which  the  measurement  is  to  be  takan." 
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The  science  whicli  enables  us  to  classify  and  arrange  those  inorganic  productions 
of  nature  which  are  called  minerals,  and  enables  us  to  identify  or  distLDguish  them 
from  one  another,  is  termed  mineraJogy, 

Klnexal« — By  the  word  mineral  we  understand  all  substances  found  in  nature, 
which  are  homogeneous  or  of  the  same  composition  throughout  their  structure,  and  do 
not  owe  their  origin  to  the  action  of  animal  or  yegetable  life.  This  definition  excludes 
fdl  rocks  which  are  yariable  in  their  character  and  composition,  as  well  aa  all  sub- 
stances, such  as  ooal,  which  are  products  of  yegetable  life.  •  Some  of  these  are  retained 
in  most  descriptions  of  minerals  though  they  do  not  strictly  belong  to  the  subject  of 
mineralogy. 

8p«cifta  of  Minexalfl.— The  various  meml^ers  of  the  mineral  kingdom  which 
essentially  differ  from  one  another  are  divided  into  kinds  or  tpeeies.  By  far  the 
majority  of  mineral  substances  are  found  to  assume  definite  mathematical  forms, 
bomided,  for  the  most  part,  by  plane  surfaces  and  straight  lines—these  are  called  cryt- 
ialt.  The  subject  of  crystallography  we  have  already  discussed  at  some  length,  par- 
ticularly in  its  relation  to  minerals.  Generally  speaking,  substances  which  differ  in 
chemical  composition  from  other  substances  constitute  distinct  mineral  species ;  again, 
substances  which  agree  in  chemical  constitution,  but  differ  in  the  character  of  their 
crystalline  forms,  are  divided  into  separate  mineralogical  species.  Thus  native  gold, 
silver,  and  copper,  which  have  the  same  crystalline  forms,  but  differ  in  chemical  com- 
position, give  three  distinct  species  of  minerals.  Oalcite  and  aragonite, — ^which  have 
the  same  chemical  composition,  being  both  carbonate  of  lime,  but  present  different 
kinds  of  crystalline  forms,  one  series  belonging  to  the  rhomboidal  and  the  other  to  the 
prismatic  system^ — constitute  two  distinct  species.  Difference  in  chemical  composition, 
independentiy  of  crystalline  form,  or  difference  in  the  class  of  crystalline  form,  while 
the  chemical  composition  remains  the  same,  principally  determine  the  division  of 
minerals  into  species.  This  rule  does  not  hold  true  universally,  for  son^e  bodies  admit 
of  considerable  change  in  their  chemical  composition  without  affecting  their  form  and 
lotty  other  properties — several  classes  of  such  substances,  of  which  the  garnets  and 
•lums  may  be  taken  as  an  illustration,  have  by  the  common  consent  of  mineralogists 
been  considered  as  similar  species,  though  differing  from  one  another  in  chemical 
composition. 

Chaimctezlstics  of  SSinexals. — The  crystalline  form  and  chemical  constitution 
of  minerals  are  the  principal  characteristics  by  which,  when  known,  their  species  and 
names  may  be  discovered.  Though  these,  in  general,  are  sufficient  for  the  identifi- 
cation of  a  mineral ;  yet,  when  the  crystalline  form  is  not  apparent,  or  the  chemical 
c<mstitution  determined  without  great  trouble,  there  are  many  other  characteristics 
^hich  will  enable  us  to  describe  and  identify  the  species.  The  chief  of  these  are  the 
hardness,  specific  gravity,  fracture,  lustre,  colour,  brittieness,  fiexibility,  malleability, 
^^^y  smell,  and  other  natural  properties  of  the  substance.  Sometimes  the  optical  and 
electrical  properties  afford  assistance. 
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CHEMICAL  COICPOSITION  OF  MINERALS. 


Cxystalline  Foxin. — ^This  subject  has  already  been  discussed  at  such  consider- 
able length,  that  it  is*  unnecessary  to  say  anything  more  here  than  to  quote  from 
Dana  that,  "  To  learn  to  disting^uish  minerals  by  their  colour,  weight,  and  lustre,  is 
so  far  yery  well ;  but  the  accomplishment  is  of  a  low  degree  of  merit,  and  when  most 
perfect  makes  but  a  poor  mineralogist.  But  when  the  science  is  Tiewed  in  the  light 
of  chemistry  and  crystallography,  it  becomes  a  branch  of  knowledge  perfect  in  itself, 
and  surprisingly  beautiful  in  its  exhibitions  of  truth.  We  are  no  longer  dealing  with 
pebbles  of  pretty  shapes  and  tints,  but  with  objects  modelled  by  a  divine  hand,  and 
every  additional  feet  becomes  to  the  mind  a  new  revelation  of  His  wisdom." 

Chemical  Composition. — ^There  are  sixty>two  or  sixty-three  elementary  bodies 
known  (See  Chemistry,  page  29) ;  all  species  of  minerals  are  formed  by  some  one  of 
these  elements,  or  else  result  from  their  combinations.  The  following  is  a  list  of 
their  symbols  and  chemical  equivalents : — 


Ag,  Argontam  (silver) 

Al,  Aluminium    .       • 

As,  Arsenic 

An,  Aurum  (gold) 

Ba,  Barinm 

Bi,  Bismuth 


.  .  1849-01 
.  170-42 
.  936*48 
.  2456-72 
.  854*85 
.  2660*75 

B,  Boran 136-81 

Br,  Bromine 999*63 

Cd,  Cadmium 696*77 

Ca,  Caloiom 360*00 

C  Carbon 75-00 

Ce,  Cerium 590*80 

CI,  Chlorine 443-20 

Cr,  Chrome 349-83 

Oo,  CebaH 868-44 

On,  Gnpinim  (oopper) ....    886*00 

S,  Didyminm 620-00 

Do,  Donorium     . 

B,  Erhinm 

Fe,  Femtm  (iron)       ....    850*06 
F,  Fluorine 285*71 

0,  Olnoinium 58*08 

H,  Hydrogen 12*50 

Hg,  Hydtargymm  (mercary)    .       .  1250*80 

1,  Iodine 1385-57 

Ir,  Iridium  • 128200 

E,  KaUum  (potoosinm)       .       .       .    488*94 
La,  Lanthaninm  .....    588*00 

L,  Lithium 81*85 

Mg,  Magnesium 157*75 

Hn,  Manganese 314*44 

Mo,  Molybdenum        •       .       .       •    506-10 


»ft7-17 
369*14 


175-25 


Na,  Katrinm  (sodium) 

Ni,  Mekel   ..... 

Nb,  Niobium       .       .       .        , 

N,  Nitrogen         ... 

Nr,  Norium         ..... 

Oa,  Osmium 124S<€0 

O,  Oxygen 100-00 

Pb,  Plumbum  (lead)   ....  1294*50 

Pd,  Palladium 662-54 

PI,  Pelopinm 

P,  Phosphonu atl*5S 

Ft,  Platinum 1SS8  M 

R,  Rhodium 65200 

Kt,  Ruthenium 

Se,  Selenium 495*80 

Si,  Silicon 184*88 

8r,  StroBttuBft      .....    M5'M 

8,  Sulphur 200-00 

Sb.  Stibium  (antimony)      .        .        .  1612-90 
Sn,  Stannium  (tin)      ....    735*30 

Ta,  Tantalum 1148*40 

Te,  TeUuriwn 801*80 

Tr,  Terbium        .       .       .       .       , 

Th,  Thorium 743*90 

Ti,  Titanium 301-00 

IT,  Uranium 742*90 

Ya,  Vanadium 858-90 

W,  Wolfram  (aoheeUum)    .       .       .  1188-40 

T,  Yttrium 402*50 

Zn.  Zino 408*60 

Zr,  Zirconium     .....    881*10 


The  letters  or  symbols  placed  before  these  elementary  bodies  enable  ua  to  express 
with  great  conciseness  the  chemical  composition  of  any  mineral,  and  the  nomben 
which  follow  them,  to  determine  the  comparative  weights  of  its  component  elements. 

Thus,  ZnO  represents  the  red  oxide  of  zinc,  spartalite,  consisting  of  one  equiTsleot 
of  zinc  and  one  of  oxygen. 

VbS\  iron  pyrites  consisting  of  one  equivalent  of  iron  and  two  equivalaits  of 
sulphur. 
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FeH)'  tlie  red  oxide  of  iron  or  hematite,  oonsisting  of  two  eqniTalents  of  iron  and 
Uiree  of  oxygen. 

A80^  arsenic  aoid,  cpmuatiiig  of  one  equivalent  of  arsenic  and  five  e^iuiralents  of 
oxygen. 
.    HO,  water  consisting  of  one  equivalent  of  hydrogen  and  one  of  water. 

Pharmacosiderite,  an  arseniate  of  iron,  is  represented  by  the  more  oomplex  symbol 
3Fe>03  +  2A80^  +  12H0,  showing  that  it  consists  of  3  equivalents  of  red  oxide  of 
iron,  2  of  arsenic  acid,  and  12  of  water.  The  following  formulss  wiU  show  the  relative 
weights  of  the  constituents  of  the  above  substances. 

Spurtalite.  Iron  Pyrlttf. 

Ztt  =s  1  equlT.  of  Zino  =  406*60  or  SO-CG  Fe  a  1  equiv.  of  Iron  »  850-00  or  46<67 

0=1       „       Oxygen     =100.00       19-74  6»  =  2       „       Sulphur        =400-00       6S-30 

XnO  =  l       „       SportuUte  =  506-60      10000       FeS««l       „       IronPyritees  750-00     lOOiM) 

The  first  column  is  obtained  by  multiplying  the  equivalent  number  of  the  elements 
by  the  number  of  its  c<juivalcnts  in  the  substance,  and  shows  that  506*60  parts  by 
weight  of  spartalite  contain  406 -60  parts  of  zinc  and  100  parts  of  oxygen,  or  that  750 
parts  of  iron  pyrites  contain  350  parts  of  iron  and  400  of  sulphur. 

The  second  column  shows  that  100  parts  by  weight  of  spartalite  contain  80-26  parts 
of  zinc  and  19'74  of  oxygen;  and  100  parts  of  iron  pyrites  contain  46-67  of  iron  and 
53*30  of  sulphur.  This  column  is  found  by  multiplying  the  number  for  the  zinc, 
oxygen,  iron,  or  sulphur  of  the  first  column  by  100  and  dividing  it  by  the  equivalent 
number  for  the  substance,  thus, 

406*60  X100_ c>n.n^    100-00  X100_  ?^OX_100_  400  X  100      „  ,^ 

•   506-60       =^^^^   —606-60—^^^^         750       "^^^^         750      .=  ^^^^ 

To  determine  the  relatire  weights  of  the  constituents  of  pharmacosiderite  we  have 
4he  foUowing  caloulattoni :— 


Fe«  =s    700*00 
O*  s    800*0n 

As  =    986-48 
0«  a    500-00 

H  =      13*50 
0  =     100-00 

re«o»  =  1000*00 

AsO*  =  1486*48 
2 

HO  =    112-50 
12 

SFe»0»  -  300000 

2AsOa  =  8972-96 

12H0  =  1850*00 

SFe^O*  =    S  equivalents  of  the  Red  oxide  of  Iron  =  3000*00  or    41*53 
2AsO*  =s    2  tf  It  Arsenic  acid  =  3972-96         39*78 

12H0  s  12  „  „  Water  «  1350*00         18*60 

1  „  „  Pharmacosiderite    =  8322*96       100*00 

There  axe  two  methods  of  investigating  the  chemical  composition  of  a  mineral-— 
the  qualitative  and  the  quantitative.  The  qualitative  analysis  determines  the  nature 
of  the  constituents,  and  the  quantitative  their  relative  proportions.  For  the  method  of 
ooadaotiag  theee  analysea  we  must  refer  the  student  to  the  scienoe  of  chemistry,  con- 
tenting onnelves  with  expressing  the  chemical  composition  of  ^e  mineral  in  symbols, 
aoooidiiig  to  the  best  authorities,  and  indicating  after  the  letter  B  whether  Uiey  are 
fusible  or  not  before  the  blowpipe,  and  also  whether  they  are  soluble  or  insoluble 

WartnsM  Thn  comparative  hardness  of  minerak  is  of  great  assistance  in 
deteimiiiing  their  species,  and  it  is  a  matter  of  great  regret  that  this  important  pro- 
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perty  haa  not  been  more  accurately  observed.    The  following  scale  introduced  by  Hohs 
is  that  generally  adopted  for  indicating  the  hardness  of  minerals : — 

1.  TAxa  3.  Calcttb.    5.  Apatitb.     7.  Quahtz.    '9.  ConT7Ni>i7ir. 

2.  Bock  Salt.    4.  Fluob.       6.  Felspar.    8.  Topaz.      10.  Diamoxd. 

The  specimens  of  the  aboyo  minerals  used  for  testing  the  hardness  of  other  minerals 
are  generally  fragments  of  transparent  or  cleavable  varieties. 

The  hardness  of  talc  is  said  to  be  1,  of  rock  salt  2,  of  calcite  3,  and  so  on.  A 
mineral  which  neither  scratches  nor  is  scratched  by  any  member  of  the  series  is  said  to 
be  of  the  same  hardness.  Thus,  a  mineral  which  neither  scratches  nor  is  scratched 
by  quartz  is  said  to  be  of  the  hardness  of  7»  generally  indicated  thus,  H  7.  A  mineral 
which  scratches  calcite,  and  is  scratched  by  fluor,  is  said  to  be  of  a  degree  of  hardngaa 
between  3  and  4,  which  is  indicated  by  3*25,  3'd,  or  3*75,  according  as  it  is  regarded 
^  it  ii  or  )  harder  than  calcite.  No.  3.  To  ascertain  these  fractional  degrees  of 
hardness  the  three  minerals  are  passed  successively  over  a  flnely-out  hard  steel  file, 
one  end  of  the  file  being  held  by  the  hand,  while  the  other  rests  on  a  table.  The 
degree  of  hardness  of  the  intermediate  substance  is  determined  by  observing  the  degree 
of  resistance  it  affords  to  the  file,  the  quantity  of  powder  left  on  its  surface,  and  the 
sound  produced  by  the  operation.  Care  must  be  taken  to  use  specimens  nearly  of  the 
same  form  and  size,  and  also  of  great  purity. 

Stxeak.— This  is  a  property  examined  by  scratching  the  mineral  by  a  substance 
harder  than  itself,  or  when  it  is  not  too  hard,  by  rubbing  it  on  a  piece  of  unglazed 
porcelain.  A  writing  diamond  will  scratch  all  other  minerals ;  but  a  fragment  of 
corundum,  quartz,  or  a  hard  steel  point,  will  be  suf&cient  for  most.  The  scratch 
may  be  a  rough  or  smooth  line,  and  it  may  be  accompanied  by  the  powder  of  the 
mineral. 

The  colour  of  this  powder  detennines  the  colour  of  the  streak,  and  it  is  distinguiahed 
as  shining  or  dull,  according  as  the  scratch  is  of  a  greater  or  less  lustre  than  the  sur- 
face of  the  mineral  scratched. 

Specific  Giawity. — ^Equal  volumos  of  different  substances  are  frequently  found 
to  differ  in  their  weights.  To  determine  the  relative  weights,  or  the  specific  gravity 
of  equal  volmnes  of  substances,  distilled  water  at  a  temperature  of  60''  of  Fahrenheit, 
or  16*55'  centrigrade,  is  taken  as  the  standard  unit  of  compazison.  As  it  would  be 
extremely  difiicult  to  obtain  equal  volumes  of  the  substances  whose  specific  gravity  is 

required,  advantage  is  taken  of  the  hydro- 
statical  property,  that  a  body  immersed  in 
water  displaces  a  mass  of  water  equal  in 
volume  to  itself,  and  has  its  weight  diminished 
by  that  of  the  equal  volume  of  water  it  dis- 
places. The  tpeeiJSe  gravUff  of  a  body  being 
the  ratio  of  its  weight  to  an  equal  volume  of 
I  distilled  water  at  the  temperature  of  60* 
rig*  882.  Fa]|.^  all  we  have  to  do  to  determine  it,  is 

to  weigh  the  substances  first  in  air,  and  then  in  distilled  water  at  60°  Fah.    For  this 
purpose  the  hfdroHatie  balance  (Fig.  382)  is  made  use  o£ 

The  hydrostatic  balance  is  an  ordinary  balance,  the  scale  pan  of  which  is  nmoved 
from  one  side,  and  replaced  by  a  counterpoise  by  which  balanoes  the  other  seals  pan ; 
under  b  is  placed  a  hook,  to  which  the  substance  to  be  weighed  is  suspended  by  a  fine 
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fibre  or  platmum  wire.  For  accurate  ezpenments  the  balance  should  be  sufficiently 
delicate  to  weigh  to  the  one-hundredth  part  of  a  graiiL  Let  A  be  the  weight  of  the 
flubotance  in  air,  W  its  apparent  weight  when  suspended  in  water,  and  S  G  its  specific 
gravity — then : 

A 


SG  = 


A-W 


When  great  accuracy  is  required,  it  may  be  necessary  to  take  into  account  the  weight 
of  the  mass  of  air  displaced  by  the  body  when  weighed  in  air.  Since  water  is  815 
times  heavier  than  air,  we  must  subtract  from  the  specific  gravity  obtained  above — 

W 


816  (A  -  W) 

Thus  in  a  specimen  of  cordieiite,  whose  weight  in  air  is  311-91  grains,  weight  in 
water  195*46  grains. 

Here  S  G  = ?ii^?^ =  2-678 

If  we  take  into  account  the  weight  of  the  air  displaced  when  it  is  weighed  in  air,  we 
must  deduct  from  the  above — 

195*46 


815  X  (311-91 -196'46) 


=  •002 


which  makes  the  corrected  specific  gravity  2*676.  The  bubbles  of  air  which  attach 
themselves  to  the  surface  of  the  mineral  when  suspended  in  water,  are  removed  by 
boiling  the  water  in  which  it  is  suspended  briskly  for  some  minutes,  the  whole  being 
left  to  cool  down  to  the  temperature  of  60'  Fah. 

If  the  mineral  be  so  light  as  to  float  on  the  water,  a  sinker  of  brass,  or  some  other 
substance  whose  apparent  weight  when  suspended  by  itself  in  the  distilled  water  is  B, 
is  attached  to  it,  so  as  to  cause  it  to  sink. 

Let  A  be  the  weight  of  the  light  mineral,  B  that  of  the  sinker  suspended  by  itself 
in  the  distilled  water,  G  the  weight  of  A  and  B  when  suspended  in  the  water  together ; 
then  in  this  case 

A 


SG  = 


A  +  B  —  C 


Thus,  to  find  the  specific  gravity  of  a  substance  which  weighs  20  grains  in  air,  it  is 
sunk  by  a  weight  which  weighs  87*22  grains  when  immersed  by  itself  in  water ;  the 
two  substances  being  suspended  in  the  water  together,  weigh  23*89  grains.  In  this 
case 

S  P 20 _  _20_  __ 

20  +  87*22  -  23-89  ""  83*33 

If  the  mineral  can  only  be  obtained  in  small  fragments,  or  if  it  be  supposed  to  con- 
tain vacuities  it  must  bo  reduced  to  fine  powder,  and  the  si>ecific  gravity  bottle 
(Fig.  383}  made  use  of.  This  instrument  is  equally  applicable  for  the  determination 
of  the  specific  gravity  of  solids  or  fluids.  It  consists  of  a  thin  glass  bottle  of  a  globu- 
lar ahape,  and  is  generally  made  to  contain  either  500  or  1,000  grains  of  distilled 
water  at  60**  Fah.  It  is  furnished  with  a  ground  glass  stopper  which  is  pierced  through 
the  centre  with  a  straight  hole  of  very  fine  bore.    The  object  of  this  is,  that  when 
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the  bottle  sb  filled  up  to  the  neck  with  water  or  any  other  liquid,  the  stopper  may  he 
inaerted,  and,  the  excess  of  liquid  escaping  through  the  hole  in  the  stopper,  the  bottle 
may  be  filled  with  a  definite  yolume  of  liquid.  Suppose  our  object 
is  to  find  the  specific  gravity  of  a  liquid,  and  that  we  use  a  1,000 
grain  bottle,  we  proceed  as  follows: —Having  placed  the  empty 
bottle  in  one  pan  of  a  balance,  we  counterpoise  it  by  a  weight  in  the 
other ;  we  then  fill  the  bottle  with  the  Uquid  at  GC  Pah.  in  the  way 
described,  wipe  it  dry,  replace  it  in  the  scales  and  restore  the  equi- 
librium by  adding  more  weights.  The  weight  added  is  evidently 
that  of  the  liquid,  but  as  the  same  volume  of  water  at  GO'  wei^ 
1,000  grs.,  if  the  bottle  be  accurately  made,  the  specific  gravity  of  the 
^'^'  liquid  is  equal  to  its  weight  expressed  in  grains  divided  by  1,000.    As 

the  bottles  are  seldom  made  with  such  accuracy  as  to  contain  exactly  the  right  quantity 
of  water,  let  W  be  the  weight  of  bottle  full  of  air,  W  its  weight  filled  with  distflled 
water  at  60"*  Fah.,  then  making  an  allowance  for  the  weight  of  the  air  contained  in  the  { 
bottle,  the  weight  of  the  water  contained  in  tlic  bottle  will  be  I 

814  I 

and  the  weight  of  the  bottle  will  be  the  difference  between  this  quantity  and  TT'.     A 

piece  of  lead  equal  to  this  must  be  cut  and  kept  as  a  counterpoise  for  the  bottle.     If  a  i 

bottle,  which  has  thus  been  found  to  contain  500*72  grains  of  water,  be  counterpoiaed  ; 

by  a  piece  of  lead,  and  filled  with  sea  water  weighs  516'86  grains,  the  apeeifie  gnvity  : 

Rl  A*ftA 

of  the  sea  water  will  bo  ^qq:=2  ^^  l'^32.  I 

To  determine  the  specific  gravity  of  a  powdered  mineral,  a  known  weight  M  of  the  j 

substance  is  introduced  into  the  specific  gravity  bottle,  which  is  then  careftilly  fifled  * 

with  water  and  weighed.  . 

Let  M  be  the  weight  of  the  mineral  introduced. 

M'  the  weight  of  the  water  it  displaces  in  the  bottle.  . 

w  the  weight  of  the  water  which  the  bottle  would  contain  when  foil.  I 

W  the  weight  of  the  botUe  filled  with  the  mineral  and  water,  the  lead  connlEf^  > 
poise  for  the  weight  of  the  bottle  itself  being  in  the  opposite  scale. 

M 

Then  the  specific  gravity  of  the  substance  =a  ■^, 

and  W  =  w  +  M  — M',  or,  M'  =  w  +  M  —  W 

M 

and  therefore  SO  = --^ — ==. 

w  -h  M  —  Ty 

Let  86*02  grains  of  a  mineral  be  introduced  into  a  bottle  formed  to  contain  500*72 
grains  of  water,  and  the  bottle  filled  with  distilled  water,  let  it  then  weigh  654*74  giains. 
86*02  * 

"""^  SQ  =  500-72  +  8602  -  684-74  =  '•'»^-  ' 

HicholsQn'ft  A3n€immh9E, — ^A  cheap  and  convenient  substitute  for  tike  balance  is  ! 
found  in  a  litde  instrument  represented  in  Fig.  384,  and  called  Ifiehaiaon^s  Artomuitr, 
which  we  will  briefly  describe.    V  is  a  metallic  ball  or  float  having  a  descendiog  hook, 
to  which  is  hung  a  little  weighted  pan  /  to  hold  the  substance  which  ia  weighed  in 
water ;  the  wire  stem  /  supports  a  cup  e.    A  mark  i,  on  the  stem,  ahows  the  p<Hnt  at 
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^ 


<P 


A: 


▼hich  the  whole  api>aratus  will  float  in  a  taU  yeasel  of  water,  when  a  certain  known 

weight  (called  the  balance-weight)  is  put  in  the  cup  e.    The  specimen  --^  e 

under  examination  must  not  exceed  in  weight  the  balance-weight,  this  ^ 

being  the  limit  of  the  instrument.    Suppose  the  limit  to  be  100  grains. 

To  And  by  this  instrument  the  specific  grayity  of  a  substance,  place  it 

on  e,  and  add  weights  till  the  instrument  sinln  to  the  mark  f,  the  added 

weight  being  subtracted  from  100,  gives  the  weight  of  the  specimen  in 

air.    Now  place  the  specimen  in  the  pan  /,  and  again  add  weights  to  c. 

As  much  more  weight  on  c  will  now  be  required  as  corresponds  to  the 

weight  of  a  bulk  of  water  equal  to  the  specimen,  which,  it  must  be 

remembered,  is  buoyed  up  by  a  power  just  equal  to  such  weight.    The 

difference  of  weight  thus  found  will  be  the  divisor  of  the  weight  of  the 

specimen,  and  the  quotient  will  be  the'specific  gravity  sought. 

This  instrument  is  generally  made  of  brass  or  tin-plate,  but  may  be 

more  el^antly  made  of  glass.  Fig.  384. 

For  example,  put  the  specimen  in  balance- weight  =  ....  10000 
"Weights  added  to  sink  instrument  to<=    22-57  gn. 

AVeight  of  specimen  in  air  = 77*43 

Specimen  placed  in  lower  pan  requires  additional  weights  =     3.5-43 

!    35-43  -  22-57  =  12-86,  the  weight  of  a  like  bulk  of  water;  then  -—  =  602,  the 
specific  gravity  sought. 

When  the  specific  gravity  of  two  substances  are  known,  by  taking  the  specific 
i  gravity  of  their  compound,  we  may  find  the  relative  weights  of  the  two  components. 
I  Thus,  knowing  the  weight  of  a  nugget  of  quartz  and  gold,  by  means  of  its  specific 
I   gravity  we  can  determine  the  weight  of  the  gold  contained  in  it. 

Let  G  be  the  weight  of  gold  in  a  nugget  g  its  specific  gravity. 
Q  the  weight  of  the  quartz  in  a  nugget,  q  its  specific  gravity. 
N  the  weight  of  the  nugget.  n  its  specific  gravity, 

then  G-}-Q  =  N 

'  g  "^  q  "*  n 

From  which  equations  we  may  obtain  the  following, 

G « N.  C^-q)g 
(g-q)n 

Thus,  if  the  specific  gravity  of  a  nugget  whose  weight  is  lljoz.  be  7*43,  con- 
sidering the  specifiic  gravity  of  the  quartz  as  2*62  and  that  of  fine  gold  as  19*35,  we 
shall  have  from  the  above  formula 

a  -  M.K    7-43  -  2-62  ^   19-35  _  10703452-5 

or  the  amount  of  fine  gold  in  the  nugget  will  be  about  8'6107  ounces. 

The  asperities  on  the  surface  of  the  quartz,  as  well  as  the  cavities  it  contains,  causes 
the  nugget  to  displace  more  water  than  it  should ;  consequently  the  amount  of  gold  is 
rather  understated.  (Galbraith  and  Haughton's  ^^  Manual  of  Hydrostatics.") 

BouUe  &e£ra€tioa  and  Polarised  Light.— If  a  ray  of  light  fall  obliquely 
on  a  plate  of  glass  or  any  other  transparent  medium,  its  direction  is  changed  as  it 
passes  into  the  substance,  and  it  is  bent  or  refracted  according  to  a  law,  known  as  the 
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law  of  sines.  There  are  certain  transparent  substances  vhich  poaseas  tlie  power  of 
splitting  the  refracted  ny  into  two,  one  of  which  mostly  follows  the  oidinaiy  law  of 
refraction,  which  belongs  to  transparent  substances,  and  the  other  a  more  complicsied 
law.    Such  substances  are  said  to  possess  the  power  of  double  refraction.    Cakite 

possesses  this  property  in  so  high  a  degree,  that 
all  objects  seen  through  it  appear  douUe.  This 
is  most  strikingly  observed  in  the  Tory  tmif- 
parent  yariedes  called  Iceland  spar. 

If  a  ray  of  light  R  r  Ml  obliquely  on  any  one 
of  the  surfiu^es  of  a  desTage  x^omboid  of  cakite 
(Fig.  385),it  will  be  divided  on  entering  into  the 
crystal  into  two  rays,  one  r  0  in  the  same  plane  ai 
the  ray  R  r,  following  the  ordinary  law  of  refne- 
tion,  and  therefore  called  the  ordinary  ray ;  and 
the  other,  r  £,  following  a  more  complicated  law, 
and  called  the  extraordinary  ray.  If  the  rhoa- 
Fig.  385,  boid  be  placed  on  a  piece  of  paper  having  a 

black  dot,  the  dot  seen  through  the  crystal  wiU  appear  double,  and  one  image 
of  the  dot  will  seem  to  be  above  the  other ;  and  in 
whatever  position  the  rhomboid  is  placed,  an  imagi- 
nary line  joining  the  two  dots  will  always  be  parallel 
to  the  axis,  Pj  P-,  which  joins  the  two  three-faced  solid 
angles,  Pj  and  P,,  of  the  rhomboid  (Fig.  386),  formed 
by  three  equal  and  similar  obliqac  angles.  A  lino  or 
printed  characters  viewed  through  the  rhomboid  wiU 
appear  doable ;  the  distance  between  the  two  images 
will  depend  on  the  thickness  of  the  rhomboid,  being 
greater  as  the  rhomboid  is  thicker. 

If  the  solid  angles,  P^  and  P„  of  the  rhomboid  be  ground  down  and  replaced  by 
two  triangular  surfaces,  as  in  Fig.  387,  perpendicular  to  the  axis,  P,  P,,  and  these 
surfaces  be  polished,  it  will  bo  found  that  a  ray  passing 
directly  through  these  triangular  surfaces  will  not  saSa 
double  refraction ;  and  any  object  viewed  through  these 
planes  will  appear  single.  The  axis.  Pi  P^,  parallel  to 
which  there  is  no  double  refraction,  is  called  the  opHe  axit 
of  the  crystal.  All  transparent  crystals,  with  the  exeeptioa 
of  thoso  belonging  to  the  cubical  system,  possess  the 
property  of  double  refraction,  though  few  so  powerfully 
as  to  cause  objects  seen  through  them  to  appear  douhle. 
Nitrate  of  soda  possesses  the  same  crystalline  form,  cleavage,  and  the  property  of 
double  refraction  in  the  same  degree  of  energy  as  calcite,  and  may  be  substituted  for  it 
in  experiments  on  these  optical  peculiarities. 

The  light  which  passes  through  a  doubly-refracting  crystal  suffers  a  }>eeuliar 
change,  which  is  called  polarization.  A  ray  of  light  which  has  been  once  split  by 
passing  through  a  doubly-refracting  substance,  will  not  be  divided  again  on  passing 
through  another  doubly-refracting  surface,  and  there  is  a  certain  angle  for  every 
substance  which  is  not  metallic,  and  is  capable  of  reflecting  ordinary  light,  at  whi^ 
the  ray  of  light  which  has  suffered  double  refraction  cannot  be  reflected.    A  ray  of 


Fig.  386. 


Fig.  387, 
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Fig.  368. 


Fig.  889. 


light  which  ha«  acquired  these  two  properties,  is  called  polarized  UghU  Light  may  be 
polarised  not  only  by  passing  through  a  doubly-refracting  substanoe,  but  also  by  being 
reflected  at  a  particular  angle  by  a  non-metallic  reflector,  or  by  being  refracted 
at  a  particular  angle  through  parallel  plates  of  a  transparent  substance,  which  does  not 
possess  the  property  of  double-refraction. 
Tourmaline,  especially  the  green  and 
brown  transparent  varieties,  can  be  so 
prepared  as  to  polarize  light.  If  a  crystal 
of  tourmaline  be  cut  into  plates,  parallel 
to  any  one  of  the  faces  of  the  hezngonal 
prism,  or  to  the  principal  or  optic  axis  of 
the  crystal,  ordinary  light  on  passing 
through  the  plate  of  tourmaline  will  be 
doubly  refracted ;  but  one  of  the  two  rays  into  which  the  ray  is  split  will  be  com- 
pletely absorbed  by  the  tourmaline,  if  the  plate  be  thick  enough,  and  the  other  will  be 
transmitted.  If  we  look  through  the  plates  of  tourmaline  in  the  position  of  Fig.  388. 
as  they  are  cut  fr^m  the  crystal,  we  can  sec  through  them ;  but  if  tbcy  be  placed 
aeroes  each  other,  as  in  Fig.  389,  wo  shall  not  be  able  to  see  through  them,  where  the 
planes  of  the  two  plates  are  placed  in  contact  with  each  other. 

If  we  cause  one  plate  of  tourmaline  to  revolve  on  the  other,  in  its  own  plane, 
through  an  angle  of  360**,  wo  shall  find  that  there  are  two  positions 
in  which  it  is  incapable  of  transmitting  polarized  light.  A  bundle 
of  plates  of  glass,  consisting  of  eight  or  ten  similar  pieces,  with  their 
edges  united  together  with  sealing-wax,  or  any  other  means,  held 
in  such  a  manner  as  to  cause  the  light  to  pass  through  the  plates 
obliquely,  as  in  Fig.  390,  may  be  substituted  for  the  plate  of  tour- 
maline. There  is  also  an  instrument  called  Nicol's  prism,  con- 
aisting  of  two  prisms  of  Iceland  spar,  united  together  with  Canada 
balsam,  at  such  an  angle  as  to  allow  only  one  of  the  two  rays  of  the 
d«)ubly-refracted  light  to  pass  through  tho  prism.  The  Niools' 
prism  and  the  plates  of  glass,  have  this  advantage  over  tho  plates  of 
tourmaline,  that  the  light  which  is  polarised  by  passing  through 
them  is  not  coloured. 

If  a  ray  of  light,  which  has  been  polarized,  pass  through  a  doubly  refracting  crystal^ 
it  becomes  depolarized,  or  recovers  its  property  of  being  reflecting  at  all  angles  by  a  non- 
metallic  reflector,  and  of  passing  through  the  plate  of  tourmaline,  the  bundle  of  glass, 
or  the  Nicol's  prism,  in  every  position  in  which  they  may  be  held. 

This  property  afB:>rds  a  ready  test  of  double  refraction, — if  a  plate,  with  parallel 
surfaces,  be  cleared  or  cut  from  any  doubly-refracting  crystal  and  placed  between  the 
two  plates  of  the  tourmaline,  in  the  position,  Fig.  389,  in  which  they  lose  their  trans- 
parency, the  transparency  will  be  restored ;  and  if  the  plate  be  of  a  certain  degree  of 
thinness,  depending  upon  the  substance  of  which  it  is  composed,  it  will  appear  coloured. 
The  plate  of  tourmaline,  through  which  the  light  in  passing  is  polarized,  is  colled  the  po/ar- 
izeTy  the  doubly-refracting  plate  tho  depolarizer^  and  tho  other  plate  of  tourmaline  through 
which  it  is  seen  the  analyzer.  Any  non-metallic  reflector,  a  plate  of  tourmaline,  a  bundle 
of  glass  plates,  or  the  Nicol's  prism,  may  be  used  as  the  polttriser  or  as  the  analyzer. 
Any  instrument  arranged  with  any  combination  of  any  two  of  these  for  the  analyzer 
and  polarizer,  for  the  purpose  of  observing  these  phenomena,  is  called  a  polariseope. 
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The  mo0t  conTenient  tnaljzer  ii  a  polkhed  mahogiaj  taUe  or  a  aheei  of  §Um  Ijm^ 
on  the  table,  reflecting  the  light  of  the  sky  fidling  on  ii  thzougfa  a  windoir.  If  a  thm 
plate  of  mica  or  sclenite,  held  in  the  hand  with  its  plane  pcarprndirnkiT  to  that  o£  the 
table,  be  yiewed  throogh  a  ]^te  of  Tourmaline,  a  bundle  of  gUua  hdd  oUiqnely,  or  a 
Nicol's  prism,  by  advancing  or  retLring  from  the  taUe  its  polarizing  angle  will  soon  be 
diacovered  by  the  brilliant  tints  assumed  by  the  mica  or  selenite.  Wlien  this  an^ 
has  been  determined,— if  we  substitute  fdr  the  plate  of  mica  a  thicker  alioe  cut  from 
any  transparent  crystal  belonging  to  the  ihombohedral  system,  perpeodicular  to  the 
principal  or  optic  axis,  or  to  any  of  the  fuccB  of  the  hexagonal  prism,  taking  care  to 
hold  the  slice  close  to  the  analyzer, — as  wc  cause  the  analyzer  to  rerolTe  xtmnd  its 

axis  we  shall  see  a  black 
cross,  surrounded  by  a 
brilliant  series  of  rings, 
exhibiting  all  the  eoloins 
of  the  spectnuBy  aa  ia 
Fig.  391,  succeeded  by 
another  seriea  of  rings^  in- 
tersected  by  a  transpaieai 
cross  (Fig..392).  Theekav- 
age  rhomb  of  cakite,  or 
that  of  nitrate  of  soda,  pre- 
pared as  in  Fig.  387,  and 
/i^-  8»l-  ^''«-  ^'  yiewed  through  the  two 

triangular  planes,  will  exhibit  these  phenomena  with  great  brilliancy,  if  the  tK;<>VTMM« 
of  the  plate,  or  the  distance  between  the  triangular  planes,  be  from  a  quarter  to  an 
eighth  of  an  inch.  The  interrals  between  the  rings  sxe  smaller  ss  the  thicknesa  of  the 
slice  increases,  or,  the  thickness  of  the  slice  being  the  same,  as  the  doubly  refracting 
energy  of  the  substance  from  which  it  is  cut  In  crystals  of  the  pynmidal  ^yHtm,  the 
slice  must  be  cut  parallel  to  the  basal  pinacoids  of  the  crystal. 

Quartz  is  an  exception  to  other  subttanees  belonging  to  the  ihombohedral  system 
as  it  presents  the  phenomena  of  circular  poltriaatkm.  The  sUea  of  quartz,  cut  petpan- 
dicular  to  the  optic  axis  or  any  of  the  planes  of  the  hesagoaal  prism,  presenta  in  every 
position  of  the  analyzer  the  rings  without  the  cross,  the  centre  of  the  inner  ring  being 
of  one  colour,  which  passes  through  all  the  rarieties  of  the  spectrum  as  the  analyser 
is  rotated  on  its  axis.  In  some  specimens  the  colours  succeed  in  their  order  firam  led 
to  Tidet,  as  the  analyzer  is  moyed  from  right  to  left,  and  in  others  when  it  ia 
from  left  to  right 

Slices  cut  in  proper  directions  ftxmi  translucoit  crystals  belonging  to  the 


Fiff.  393.  rig,  S94. 

oblique,  and  amrtkie  systems,  all  of  which  have  two  axes  of  doubled  refractioii,  when 
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viewed  as  above,  present  a  double  system  of  rings  round  each  axis ;  when  the  axes  are 
miBcientlj  near  to  be  obserred  at  once,  as  in  the  case  of  nitrate  of  potash,  the  analyzer 
being  held  in  the  position  in  which  it  would  show  the  black  cross  in  the  preceding 
case.  Figs.  393  and  394  will  be  seen,  consisting  of  two  series  of  oyal-coloured  rings, 
intersected  by  dark  brushes,  which  will  change  from  the  position,  Fig.  393,  to  that  in 
Fig.  394,  as  the  slice  of  the  crystal  is  made  to  rotate  round  its  axis,  while  the  analyzer 
im  held  fixed.  If  the  slice  of  the  crystal  be  fixed  while  the  analyzer  is  made  to 
revolve,  the  dark  brushes  will  alternately  vanish  and  re-appcar,  as  in  the  crystals  with 
one  optic  axis. 

AnrAiigemesit  and  J^esoxipUon  of  MiiMxaU.— Most  modem  works  on 
Mineralogy  haying  followed  a  chemical  arrangement  of  minerals,  we  shall  adopt  that 
of  Berzelius,  as  modified  in  the  collection  in  the  British  Museum.  The  British 
Museum  contains  probably  the  finest  collection  of  minerals  in  the  world ;  it  is  public 
property,  and  easy  of  access  to  every  student ;  we  shall,  therefore,  in  our  description 
of  each  mineral  indicate  the  number  of  the  case  in  which  it  may  be  found.  For  the 
sake  of  distinguishing  the  specimens  of  one  mineral  from  those  of  another,  in  the 
British  Museum,  the  name  of  each  mineral  in  the  case  is  printed  on  a  label  with  a 
border  coloured  red,  green,  blue,  or  yellow ;  a  thin  slip  of  wood,  of  the  same  colour  as 
the  border,  surrounds  all  the  specimens  of  the  mineral  indicated  by  the  name  on  the 
label.  Some  idea  of  the  Talue  of  the  collection  in  the  British  Museum  may  be  formed 
from  the  fact  that  it  cost  govenment  more  than  £30,000,  and  has  been  greatly  enriched 
by  many  valuable  contributions  presented  to  it,  especially  the  rich  private  collection 
of  the  Rev.  Mr.  Oracherode. 

In  describing  each  mineral  we  shall  give  its  name  and  synonymes,  chemical  compo- 
sition in  symbols,  crystalline  system,  hardness,  and  specific  gravity,  indicated  by  the 
letters  H  and  6 ;  case  in  the  British  Museum ;  fracture,  transparency,  or  opacity ; 
lustre,  colour,  streak ;  brittleness,  or  other  remarkable  property ;  fusibility  or  infusi- 
bilitj  before  the  blowpipe ;  the  manner  in  which  it  is  affected  by  acids,  followed  by 
acme  of  its  principal  localities,  and  any  observations  which  may  be  necessary  as  to  its 

I  and  properties. 


u-^Naiive  J«wi..~Fe.  amble.  H  =  4*6  6 70  . . .  7*8.  Case  1.  Soluble  in 
bydxochloric  acid.  B.  infusible.  Frac,  hackly.  Opaque.  Lus,  metallio.  CoL  paU 
ataal-giay.    Sir.  the  same. 

NoHve  iron  of  tenrestrial  origin  is  mixed  with  a  small  portion  of  other  metals,  but 
without  xiickeL  Dauphine,  Auvergne,  Bnuiils,  Yates,  United  States.  MHeorie  iron :  Mro- 
UU,  MtleorUe, — ^Found  in  meteoric  stones,  with  nickel,  cobalt,  and  other  metals.  Siberia, 
Pern,  Mexico,  North  America,  Cape  of  Good  Hope,  several  parts  of  Europe.  Meteoric  iron 
forms  the  substance  of  the  rough-shaped  knives  of  some  of  the  Esquimaux  tribes  of  North 
America.    Iron  is  most  extensively  used  in  the  arts  and  mannfkctures. 

Copper.— >^a<t««  Copper,— Qxx.  cubic.  H  2*5  .. .  8-0  G  8*5  .. .  8*9.  Case  1 
Soluble  in  nitric  acid.  B.  easily  fusible.  Frac.  hackly.  Lus.  metallic.  CoL  red. 
8tr,  shining. 

Found  in  veins  and  beds.  Disseminated  through  rocks  of  all  fonnations.  Hungary, 
Siberia,  Cornwall,  Waterford,  Mansfield,  Kaursdorf,  Chessy,  Spain,  Vahlun,  North  America, 
Cuba,  Brazils,  China,  Japan,  Nassau,  Saxony.  Copper,  either  by  itself,  or  else  in  combina- 
tion with  other  metala,  is  extensively  used  in  the  arts  and  manufactures.  Copper  is  used 
for  the  stamping  machinery  of  powder-mills,  because  it  does  not  emit  sparks. 
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BiMmuth,-^Natwe  Bitmuih.^Bi.  zhombohedral.  H  20  . .  .'2-5  G  9*6  . . .  9*8. 
Case  1.  Soluble  in  nitrio  acid.  B.  easily  fusible.  Frac,  indiBtinct.  Opaque.  Zut. 
metallic.     Col.  reddisb-silYer-whitc. 

Found  in  reins,  in  granite,  gneiss,  mica  slate,  and  transttioa  rocks.  Saxony,  Thoringia, 
Bohemia,  Norway,  Sweden,  the  Pyrenees,  Connecticut,  ComwalL  Bismuth  enters  into 
several  alloys  used  in  the  arts,  such  as  pewter,  solder,  and  type  metal. 

bead.— 3at«M  Lead, — ^Pb.  cubic.  H  1*5  G  =  11*35.  Case  1.  Soluble  in  nitric 
acid.  B.  easily  fiisible.  J^hi^.  hackly.  Opaque.  Zua,  metallic.  CoL  lead-gray. 
Str.  shining. 

Said  to  be  found  in  hira  and  carboniferous  limestone.  Madeira ;  Bristol ;  Kenmare 
Ireland;  Alston,  Cumberland.    Used  extensively  in  the  arts  and  manufactures. 

SilTcr.— JSa/iV*  iSi7r«r.— Ag.  cubic.  H  2-5  —  30  G  10-1  —  11-0.  Cose  2. 
Soluble  in  nitric  acid.  B.  easily  fusible.  Frae.  hackly.  Opaque.  Lua.  metallic 
Col  white.     Sir,  shining. 

Found  in  veins,  rarely  in  beds ;  in  crystalline  slate  rocks,  gneiss,  mica  slate,  hornblende 
slate,  granite,  syenite,  porph}Ty.  Norway,  Sweden,  Saxony,  Bohemia,  Hungary,  Tran- 
sylvania, Siberia,  the  Hartz,  Baden,  the  Tyrol,  France,  Peru,  Mexico,  Chili,  Cornwall,  Alra, 
Scotland.  Used  extensively  in  the  arts  and  manufactures ;  mixed  with  copper  in  the  pro* 
portion  of  12^  to  1,  it  forms  the  standard  silver  of  British  coinage. 

VKexcnrj.^Kaiive  JHercttry.-^Rg.  cubic.  HO*  G  13*6.  Case  2.  Soluble  in 
nitric  acid.    B.  yolatilises.    Opaque.    Lw,  bright  metallic.    Ool.  tin-white. 

Found  in  cavities  or  crevices  of  rock  containing  cinnabar.  Camiola,  Spain,  Bohemia, 
the  Palatinate,  the  Tyrol,  Carinthia,  Peru,  China,  the  Hartz. 

Am9lQ9Lm.—ffydrarffuret  of  Silver.— Xg.  Hg.  cubic.  H  30  —  3*5  G  1 3  -7  — 14*1 
Soluble  in  nitric  acid.  B.  volatilizes.  Frac.  conchoidal.  Opaque.  Zus.  bright 
metallic.     Col.  silver-white.    Str,  the  same. 

Found  in  beds  containing  mercury  and  cinnabar.  The  Palatinate,  Hungary,  Spain, 
France,  Sweden.  That  found  in  the  Arquero  mine,  in  Chili,  has  beon  called  Arqueriit. 
Extensively  used  in  the  arts  and  for  philosophical  apparatus,  and  in  the  manufacture  of 
chemical  and  pharmaceutical  preparations. 

Palladium.— iVa^Vtf  Palladium.  Pd.  cubic.  H  4'5->50  G  11-8— 12*14. 
Case  2.  Soluble  in  nitric  acid.  B.  infusible.  Frae,  hackly.  Opaque.  Ltu.  metallic 
OoL  light  steel  gray. 

Occurs  in  rolled  grains  with  platina,  and  particles  imbedded  in  and  combined  with  gold. 
Brazils,  Tilkerode  in  the  Hartz.  Does  not  tarnish.  Has  been  used  in  the  manuCactttre  of 
philosophical  instruments,  particularly  balances. 

Platinum.— iVa/»W  P/afi«a.--Pt.  cubic.  H  40— 4*5  G  17*3  —  18-94.  Case  2. 
Soluble  only  in  nitro-muriatic  acid.  B.  infusible.  Frac.  hackly.  Opaque.  Ziw. 
metallic.     Col.  steel  gray.    Str,  the  same,  bright.    Ductile. 

Found  with  gold  in  veins  of  quartz,  in  syenite,  and  in  alluvial  sand.  The  Ural,  Brazils, 
St  Domingo,  Borneo,  the  Rhone,  North  Carolina.  Of  great  value  in  the  construction  of 
philosophical  and  chemical  apparatus.    It  is  used  in  painting  on  porcelain. 

Osmixidium.— ^flioy  of  Iridium  and  Otmitm.—lr.  Os.  zhcmbohedral.  H  7*0 
G  19-3  —  21-2.  Case  2.  Insoluble  in  acids.  B.  infusible,  ^rotf.  uneven.  Opaque. 
Ztsa.  metallic.     Col.  tin-white  and  lead-gray.    Str,  the  same. 

Occurs  in  isolated  crystals  and  grains  with  gold  and  platinum.  South  America,  the 
Ural,  Borneo. 
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Ixidivjii.—^^  of  Iridium  and  Flatinum.  Ir.  Ft.  cnbio.  H  60  ^  7*0  G 
22-65  —  22*80.  Insolable  in  acids.  R  infusible.  Opaque.  Lu8,  metallic.  ChL 
ailTer-white.    Higlily  ductile. 

Occnis  with  platinum  and  osmi-iridium.  The  Ural,  Ava.  Harder,  heavier,  and  paler  in 
colonr  than  platinum. 

OQlA.—Naiive Gold^-Au,  cubic.  H  25  —  3*0  G  14*55  —  19*1.  Case  3.  Soluble 
in  mtro«mnriatic  acid.  B.  fusible.  Frae,  hackly.  Opaque.  Zut,  metallic.  Col. 
gold  yeUow.    8tr,  bright.    Ductile  and  malleable. 

Occurs  in  felspathic  and  hornblende  rocks,  in  conglomerates,  in  ailuvial  deposits  and 
aands  of  rirers,  in  yeins  of  greenstone  and  syenitio  porphyry,  in  veins  of  quartz,  in  seleni- 
nret  of  lead ;  generally  combined  with  silver — ^when  the  proportion  is  considerable,  it  is  called 
Electrum.  Hungary,  Transylvania,  Mexico,  Peru,  and  New  Spain;  California,  Brazils, 
North  Carolina,  Australia,  St  Domingo,  Bohemia,  Africa,  Thibet,  China,  Java,  Borneo, 
Snmatra,  the  Hartz,  Danube,  Rhine,  Wioklow,  Perthshire,  Cornwall.  The  most  ductile  and 
flexible  of  all  metals;  extensively  used  for  coinage,  articles  of  luxury,  and  in  the  arts. 

TtHlxaAxLOL-^Miiv^  Tellurium.— Te.  rhomboh«dsml.  Case  3.  H  20  —  2*5 
G  6-1  —  6-3.  Soluble  in  nitric  acid.  B.  easily  fusible.  Opaqne.  Zus.  metallic. 
CM.  tin-white.    Sir.  the  same. 

Occurs  in  a  sandstone  rock.    Faceby,  Transylvania. 

Tetimdyinite. — Tellunoismuth,  Bwminey  MolybdnM-^ver,  8ulph<hUlluret  of  Bia- 
muth.  Rhooabobcdzal.  Case  3.  H  1*0  —  1*5  G  7*4  —  7'5.  Solublo  in  nitric 
acid.  B.  easily  fusible.  Opaque.  Lut.  metallic.  Col.  bright  steel-gray.  Sir.  the 
same. 

Occurs  in  conglomerate.    Schoubkan  in  Hungary,  Deutsch  Pilsen,  near  Grard. 

Vetsite.— JXfsnfo,  Tdlur  Silder,  Tellwtt  of  Silver.— Ag.  Te.  cubic.  Case  3« 
H  2-5  . . .  3*0  G  8-31  —  8-83.  Solublo  in  hot  nitric  acid.  B.  volatilizes.  B-ae.  even. 
Opaque.    Zu8.  metallic.     Col.  steel-gray.    Str.  the  same.    Malleable. 

Occurs  with  iron  and  copper  pyrites  in  tnlk-slate.     Siberia,  Transylvania. 

Hagyaglte.— ^^Ar  or  Foliated  Tellurium.  Auro-plumiiferous  ienuret.-^Vh.  Te. 
Au.  pyrafaldal.  Case  3.  H  1*0  —  1*8  G  7.0  —  7'2.  Soluble  in  nitric  acid.  B. 
easily  fusible.    Opaque.    Lus.  metallic.     Col.  blackish  lead-gray.    Str,  the  same. 

Occurs  in  veins  with  quartz.  Nagyag  and  Offenbanya,  Transylvania.  Prized  for  the 
gold  it  contains. 

AlttAtm^-^TeUuret  of  Zead.—Vh.  Te.  cnblo»  H  30  -^  3*5  G  815.  Soluble  in 
mtric  add.  B.  fusible.  Frae,  uneven.  Opaque.  Zua,  metallic.  Col,  tin-white. 
Str.  the  same. 

Found  with  petzite  in  Sawodinski  mine,  in  the  Altai. 

Sylvanite. — Oraphic  and  Telloic  Telluriumy  Schrifi-erz^  MuRerine.—'Te.  Pb.  An. 
yilsmatic.  Case  3.  H  1*5  —  2*0  G  7*99  —  8*33.  Soluble  in  nitric  acid.  B.  fusible. 
Frae.  uneren.    Opaqua    Zus.  metallic.     Col.  steel-gray.    Sir.  the  same. 

Found  in  porphyry.    Offenbanya  and  Nagyag,  Transylvania,    A  very  rare  mineral. 

Antimony.— i^a^t'M  Antimony.— ^h.  rhombohedval.  H  3*0  —  8*5  G  6*6 — 6*7. 
Case  3.  Soluble  in  nitro-mnziatic  acid.  B.  easily  fusible.  Opaque.  Zus.  metallic. 
Oa.  tin-white.    Sir.  the  same. 

Occurs  in  veins  in  crystalline  rocks.  Salilberg  in  Sweden,  Allemont  in  Dauphine,  Przi* 
Inram,  in  Bohemia,  Andreasberg  inthe  Hartz.  Used  as  an  alloy  to  harden  the  softer  metals, 
particularly  type  metal ;  it  is  also  used  for  some  phsrmaceutical  preparations. 
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tJnUmonaUhn.^Antmtmial  SUv«r,-^A%*  Sb.  piinnatic,  H  35  6  9*4  »  9-8. 
Case  3.  SoluJble  partially  in  nitric  acid.  B.  easily  fusible.  Frae.  uneven.  Opaqvc. 
Lu8.  metallic.     Col,  silver  white.    Str,  the  same. 

Ocean  in  veins  in  graaite,  porphyxy,  and  crystalline  slate  rocks.  Andreasberg  in  tbe 
Hartz,  Gaadal  canal  in  Spain,  Allemont  in  France,  Mexico.  A  rare  mineral,  highly  valuable 
for  extracting  silver,  when  fonnd  in  sufficient  quantity. 

8Mit]M»ptiU,-riVn:^  AnUnumial-^KO  Sb.  ihombohedxaL    H  50  G  754. 

Soluble   in  nitro-muriatic  acid.    B.  volatilizes.    Frae,  uueven-conchoidal.     Opaque. 
Lua,  metallic.     Ck^  light  copper-red.    Str,  reddish-brown.    Brittle. 
Occurs  with  ores  of  cobalt  at  Andreasberg  in  the  Hartz. 

Axsenic. — Katm  Arsenic, — As.  zhombohedxal.  H  3*5  G  57  —  5*8.  Case  4. 
With  nitric  acid  changea  to  arsenious  acid.  B.  easily  fusible,  on  charcoal  volatilizes. 
Frae,  uneven.    Opaque.    Lut,  metallic.     OoL  tin-white.    8tr.  the  same.    Brittle. 

Occurs  in  veins,  seldom  in  beds,  in  cr}'sta]line  slate  rocks.  The  Harts,  Saxony,  Badea, 
Bohemia,  Transylvania,  the  Banat,  Dauphine,  Alsace,  Norway.  A  virulent  poison,  it  \& 
used  in  metallurgical  processes  and  in  the  manufacture  of  glass  and  colours. 

Xnpfeznickel. — Copper  Nickel^  Anefiiate  of  Nickel. — ^Ni.*  As.  zhmabolMdxaL 
H  6-5  G  7*2  —  7*8.  Case  4.  Soluble  in  nitro-chloric  acid.  B.  fusible.  >*m«.  con- 
choidal.    Opaque.    Lta,  metallic.     Col.  copper-red.    Str,  brownish^black.     Brittle. 

Occurs  in  veins,  seldom  in  beds,  in  granite,  clay,  slate,  and  trsnaition  rocks.  Saxony, 
Bohemia,  Thuringia,  Hessia,  the  Hartz,  Baden,  Dauphine,  Styria,  the  Banat,  Spain,  Connec- 
ticut, Cornwall,  Linlithgowshire.  Distinguished  from  native  copper  by  its  brittle  nature, 
and  Uie  green  deposit  it  forms  in  nitric  acid. 

BAinaaelaberglta.— TF^tVtf  Arsenical  Nickel.— l^i.  As.  cubic.  H  5*5  G  6*43  — 
6*73.  Case  4.  Soluble  in  nitric  acid.  B.  easily  fusible.  Frae,  uneven.  Opaque. 
Ziis.  metallic.    Col,  tin-white.    Brittle. 

Found  at  Schneeberg  in  Saxony,  Richelsdorf  in  Hessia,  Eamsdorf  near  Saalfield. 

Chko^ni'hitm^TFhite Nickel.— m.  As.  yrtomatic.  Ho-5G7'09--7*18.  Opaipie. 
Lut.  metallic.     Ool,  tin- white. 

Found  at  Biachelsdoif  and  Schneeberg. 

SmtdUn^^Tin^wUiU  Cobalt^  Arsenical  CobalL-^Co,  As.  euUc.  H  6*5  Q  6*S  ~ 
6*6.  Case  4.  Soluble  in  nitric  acid.  B.  easily  fusible.  F^ae,  uneven.  Opaqua. 
Zut,  metallic.    Ool.  tin-white.    Str.  grayiah-black. 

Found  in  veins  in  slate  rocks.  Saxony,  Bohemia,  Hessia,  Styria,  Hungary^  P&edMont, 
Cornwall.  Distinguished  from  native  bismuth  and  copper  nickel  by  its  perfect  dean^ 
inferior  hardness,  and  reddish  tinge.  Boasted  to  drive  off  the  arsenic,  and  finely  powdered, 
it  afford*  a  blue  colour  for  painting  porcelain,  &c ;  with  silex  and  potash  it  prodaces 
smalt 

BBMotitm^^^OobaU  Arsenical^  Chalhamiie,  Iron  Cobali,^Co,JiB,  and  Fe.  As,  cnbic. 
H  5-5  G  6-92  —  7*3.     Soluble  in  nitric  acid.    F^ac,  uneven.     Col,  light  steel-gray. 
Found  in  veins  traversing  primitive  rocks.    Schneeberg. 

Skutteradito.— JfoeftimtVe,  Bard  white  OobaU.^-'Go?  As.'  e«blc«  H  6*0  G  6*74 
—  6*84.  Case  4.  Soluble  in  nitric  acid.  B.  easily  foaibb.  Frae.  conohoidaL 
Opaque.    Ltts.  metaUic.      (%^.  tin-white. 

Found  in  mica  state,  at  Skutterud  in  Norway. 
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u^~uir$emeal  £yriU8,  Leucopyriie,—Ye.*  As.'  pilamatic.  H  6'6  G 
7*0  —  7*S.  Solnblo  in  nitric  acid,  partially.  B.  fusible.  I^ae,  uneven.  Opaque. 
Lhs.  metallio.     CoL  ailyer  white.    Sir,  grayiali-black. 

Found  in  veins  in  clay  slate,  in  beds  of  chalybite,  and  in  serpentine.  Andreasberg, 
Carinthia,  Styria,  Silesia,  Norway.  The  accidental  admixture  of  silver  renders  some  of  the 
varieties  of  this  species  useAxl  as  an  ore  of  that  metal.  It  is  employed  in  the  manofiusture  of 
irhtte  anenic  and  of  realgar.    Sometimet  it  contains  a  small  portion  of  gold. 

FUoodinA.— Ni.«  Ab.  obUqn«.  H  50  —  5o  G  7*99  ~  8-06.  Soluble  in  nitric 
acid.  B.  easily  fusible.  Opaque.  Lu$.  metallic.  Col.  between  bronze-yellow  and 
copper-red.    Sir,  black.    Brittle. 

Fonnd  at  Mtisen  iii  Siegen. 

Homeykit*. — Araemuret  of  Copper,  Condurrite. — Ca.*  As.  H  3*5  G  4-20  —  4*29. 
Case  4.  Not  soluble  in  hydro-chloric  acid.  B.  easily  fusible.  Opaque.  Lus.  me- 
tallic.   Col.'  tin-white. 

Found  in  veins  in  porphyritic  mountains.    Pern,  Chili,  Cornwall. 

IHamond.— 0.  oubie.  H  =  100  G  -  35  —  3*6.  Case  4.  Insoluble  in  acids 
Frac.  conchoidal.  Transparent-translucent.  Lus.  adamantine.  Col.  colourless,  white, 
gray,  brown,  green,  yellow,  red,  blue,  rarely  black.    Str.  gray. 

Found  in  quartz,  conglomerate,  in  strata  of  clay  and  sand  containing  an  iron  oxide,  in 
alluriums,  and  in  a  micaceous  sandstone.  The  Deccan,  Malacca,  Romeo,  Celebes,  Java, 
Brazils,  Mexico,  the  Ural,  North  Carolina,  Georgia.  The  most  valued  of  all  the  gems. 
En^loyed  fox  catting  glass,  and  its  powder  for  cutting  and  polishing  hard  gems  and  stones. 

Oiaphlto.— PA<m^0^o,  Carburet  of  Iron.-'C,  rhombohedxftl.  H  10  —  20 
G  1*8  —  2*1.  Case  4.  •  Insoluble  in  acids.  B.  inftisible.  I^ac,  uneven.  Opaque. 
LuM.  metallic.     Col.  iron-black,  dark  steel  gray.     Sir.  black,  shining. 

Found  in  beds  in  gneiss,  trap,  and  in  the  coal  formation.  Norway,  Bavaria,  the 
PjTenees,  North  America,  Austria,  Styria,  Robemia,  Moravia,  Cumberland,  Aberdeenshire, 
Kilkenny,  Ayrshire,  Spain,  Ceylon,  the  Prazila,  Massachusetts.  Used  for  the  manuftotore 
of  pencils  and  crucibles;  also  to  diminish  friction  in  machines. 


%.^Olttnee  Coal    H  20  -  2*5  O  1*3  -  175.    Cwe  4.    Frae.  con- 
choidal.   XfM.  vitreous  or  waxy.     Col.  black.    Str.  black.    Brittle. 

Found  in  several  parts  of  the  Alps,  the  Pyrenees,  France,  Pennsylvania,  Massachusetts, 
Bohemia,  Silesia,  Saxony,  Staffordshire,  Brecknockshire,  Carmarthenshire,  Pembrokeshire, 
Kilmarnock,  and  Kilkenny.    Used  as  fuel  for  furnaces,  and  in  the  manufacture  of  metals. 

8«l«iitam««-^.    Case  4.    H  2K)  G  4*3.    Frae.  conchoidal.    Translucent    Lut. 
yitreoua.     Col,  pale  dull  red. 
'  Found  inemsting  snlphur  in  Sicily,  Mexico. 

^%rwMxL%.-^8eleniurel  of  Copper. ^Cn.'^^e,  Case  4.  Crystalline.  Ztw.  metallic. 
Col.  ailver-white.    Str.  shining.    Soft  and  malleable. 

Found  coating  calcite  at  Skrickenim,  Sweden,  rarely  in  the  Hartz. 


u-^aenimtei  of  Silver  and  Copper.  Cu."  Se.  +  Ag.  So.  Case  4.  Soluble 
in  liot  nitric  acid.  B.  Visible.  Crystalline.  Opaque.  Xua.  metallic.  Col  lead-gray. 
Str.  shining.    Soft. 

Found  in  serpentine  at  Skrickengun,  Sweden. 
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VtLXLmanxdU.SeUniuret  ofSilwr.^Ag.  Se.  cubic.  H  2*4  G  8'0.  SoluWe  in 
concentrated  nitric  acid.  B.  fusible.  Opaque.  Zm,  metallic.  Cbl.  iron-black. 
Sir.  8ame.    Malleable. 

Found  in  narrov  veins  in  diabase  at  Tilkerode  in  the  Hartz. 

CUMMthaJSt9.-^SelMiuret  of  i^ad— Pb.  Se.  cubic.  Case  4.  H  2o  —  3-0 
G  8*2  —  8*8.  Soluble  in  nitric  acid  partially.  B.  yolatilizes.  Opaque.  Lta, 
metallic.    CoL  Lead-gray.    8tr,  gray. 

Foond  in  transition  rocks  in  the  Hartz  and  Saxony. 

JterhtLChi%e.—Sel«muret  of  Lead  and  Mercury,— -Vh,  Se.  and  Eg.  Se.    Case  4. 
Cubic.    Soft.    G7-3.    Opaque.    Zm*.  metallic.    Co/,  lead-gray.    Slr.hUck. 
Found  in  transition  rocks  in  the  Hartz. 

Xdgite.— iSWlmiMr^^  of  Lead  and  Copper,— Vh.  Se.  with  Ca.  Se.  Case  4.  H  2*5 
G  70  —  7*5.  B.  volatilizes.  Frae,  conchoidal.  Opaque,  Lus,  metallic.  CW.  light 
lead  gray,  grass-yellow.    Str,  darker  than  colour. 

Found  in  transition  rocks  and  in  a  vein  in  clay  slate.    The  Hartz  and  Tharingia. 

;  Biolite.— Ag.  Sc.2  zhombohedial.    Colour  lead-gray.    Very  malleable. 
Found  in  Tasco  in  Mexico. 

OnaiMe,Selenitiret  of  Mercury,— Uf^,  Se.  with  Hg.  S.    Case  4.    H  2-5.    Lm. 
metallic.    Col.  blackiah,  lead-gray.    Str.  shining. 
|[^  Found  massive  in  veins  at  San  Onofre,  Mexico. 

Sulphur.- S.  priamatic.  H  1-5  —  2*5  G  2*0  —  2*1.  Case  6.  ^/vie.  eonchoida], 
uneren.  Transparent.  Translucent  on  the  edges.  Lu».  resinous,  incllnmg  to  ada- 
mantine. Col,  sulphur-yellow,  passing  into  red-brown,  gray.  Str,  sulphur,  yellow- 
white. 

Found  in  mica  slate,  lime-stone,  metallic  veins,  beds  of  gypsum,  sandstone,  in  alluvinm, 
as  a  volcanic  sublimate,  and  a  deposit  from  hot  springs,  Anito,  Hungary,  the  Black  Forest, 
Sicily,  Tuscany,  Spain,  Cracow,  Hanover,  Greenland,  Xhuringia,  Naples,  iCtna,  Iceland, 
Java,  Teneriffe,  Bourbon.  Used  in  the  manufacture  of  gunpowder,  sulphuric  acid,  cinnabar, 
and  various  pharmaceutical  preparations. 

AlB^tOkAkKk^^-^ulphuret  of  Manganese,  Eexahedred  Glance  Blende.'^'Mji,  8.  cubic 
H  4  0  —  G  8*95  —  4*01.  Case  6,  Frae,  uneven,  imperfect,  conchoidal.  Opaque. 
Zua.  metallic,  imperfect  CoL  iron-black.  Str,  dark-green.  B.  fudble.  Soluble  in 
hydrochloric  acid. 

A  rare  mineral,  found  in  veins.    Nagyag,  Transylvania,  and  in  Mexioo. 

Bauoxitc.— Mn.  S'.  cubic.  H  4-0  —  G  3*46.  Case  5.  Lm.  adamaatine.  OeL 
dark  reddish-brown.    Str,  brownish-red 

Found  in  clay  with  gypsum,  and  sometimes  with  sulphur.    Kalinka,  Hungary.  ^ 

MUnAm.Su^huret  of  Zinc,  Lodeeahedrdl  Oamet  Blende,  Slack  Jack  of  Mmert,— 
Zn.  S.  cubic.  H  3'6  —  4*0  G  3*9  —  4*2.  Case  5.  Frae.  conchoidal.  Lu$,  adamantine. 
Col,  green,  yellow,  red,  brown,  and  black.  Transparent  B.  fusible  with  difficulty. 
Soluble  in  powder  in  concentrated  nitric  acid,  with  exception  of  the  sulphurs. 

Widely  diffused  in  veins  and  beds,  in  crystallind  slate  and  transition  rocks.  Hangair, 
Transylvania,  Bohemia,  Saxony,  the  Harts,  Sweden,  Derbyshire,  Flintshire,  Cornwall, 
Perthshire,  Leadhills,  and  Lanarkshire.  Distinguished  from  the  varieties  of  galena,  garnet, 
and  tin,  which  it  resembles  by  the  facility  with  which  it  yields  to  the  knife.  Of  little  value 
as  an  ore  of  zinc,  from  the  difficulty  of  extracting  that  metal  from  it  * ..: 
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Pyxito.— iron  P^rii$$f  Sulphurei  of  Iron,  HMohsdral  Irom  PyriUt,  Fe.  S>.  cubic. 
H  6^  —  6*5  G  4*9  —  5*1«  Case  6.  Frae.  conchoidal,  uneTOii.  Opaque.  Im», 
metallic.  Col.  brass-yellow,  gold-yelloir,  brown.  Brittle.  B.  fusible.  *  Partly 
soluble  In  nitric  acid.    Some  yarieties  contain  a  small  quantity  of  gold. 

A  rexy  common  mineral,  nniTersaUy  diflftised  in  beds  and  veins  of  the  most  different 
formaUons.  Elba,  Piedmont,  Saxony,  Bohemia,  Hungary,  Norway,  Sweden,  Dauphine, 
Derbyshire,  Cornwall,  &c.  Used  in  the  mannfaoture  of  sulphur,  sulphate  of  iron,  and 
soiphurio  acid.  Distinguished  from  copper  pyrites  by  being  too  bard  to  be  out  by  a  knife ; 
from  the  ores  of  silver  by  its  psle  bronze  colour,  and  hardness  and  difficulty  of  fusion. 
Gold  is  sectile,  malleable,  and  does  not  give  off  a  sulphur  odour  before  the  blow-pipe. 

Waircasltc. — WhiU  Inm  Pfntet,  Priamatie  Iron  Pffritet.—¥e.  S*  pzUtmatic. 
H  6-0  —  6*5  G  4*66  —  4.9.  Case  6.  Jrotf.  uneyen.  Opaque.  Ltu,  metallic.  Col. 
pale  bronze-yellow,  sometimes  iacUning  to  green  or  gray.  Sir.  dark  greenish-gray. 
Brittle. 

Not  so  common  as  pyrite,  and  not  found  in  the  older  rocks.  Saxony,  Bohemia,  Hessia, 
the  Hartz,  Conde,  Cornwall,  Derbyshire.    Used  for  the  same  purposes  as  pyrite. 

FfiKhcUnc Mhomhohtdral  or  Magnetio  Iron  PyriU$.  5  Fe.  S  -|-  Fe.^  8'=  Fe.'S« 

x&ombolicdxal.  H  3*5  —  4*5  G  4*6  —  4*7.  Case  6.  Frac.  conchoidal.  Opaque. 
Lua.  metallic.    Col.  brass-yellow.    Sir.  grayish-black.    Feebly  magnetic.    Brittle. 

Occurs  principally  in  beds  in  the  older  rocks,  and  sometimes  in  meteorites.  The  Hartz, 
BaTaria,  Saxony,  Silesia,  Cornwall,  Argyleshire,  and  Galloway. 

JAnmtiX^^—SuIphurti  of  Cobalt,  Itometrieal  CobaU-kUt.— Co.  S  +  Co.*  S*  cuMc. 
H  5*5  G  4*8  —  5*0.  Frae,  conchoidal-uneyen.  Opaque.  Lut.  metallic  Col.  ailyer- 
white,  'w<^W"^«g  to  steel-gray.  Sir.  blackish-gray.  Brittle.  B.  fusible.  Partly  soluble 
in  warm  nitric  add. 

Found  in  Sweden  in  beds  of  gneiss. 

Sjcpocittc-^HSfu^Atfre^  of  Cobalt. -^Go.  S.    Col.  steel-gray,  inclining  to  yellow. 
Found  in  Syepoor,  in  Hindostan. 


maiKAU^—SulphurH  of  NiekeL    Nickel  F^Us.    JVahos  JV»d&e2.— Ni.  S. 
bohcdiAl,    H  3*5  G  5*26  -  5*30.    Case  6.    Opaque.    Liu.  metallic.    Col.  brass- 
yellow.  %  Sir,  bright    B.  easily  fusible.    Soluble  in  nitro-muriatlc  acid.    Green. 

Ooeura  \p.  cavities,  and  dispersed  among  the  crystals  of  other  minerals.  Bohemia, 
Saxony,  Andreasberg,  and  Cornwall. 

BiMimiokclklM.— 2  Fe.  S  +  Ni.  S.  cubic.  H  3*5  -  4-0  G  4-6.  Frao.  un- 
even.  Opaque.  Luf.  metallic.  Col.  light  pinchbeck-brown.  Sir.  rather  darker. 
.Brittle. 

^und  in  crystalline  masses  with  towanite  in  amphibole,  Norway. 

Ocnddfittc—DtMmoM.  ulrtemeal  NiekeL—^i.  S*  +  ^i«  As' or  2  Ni.  S +Ni  As' 
cable.  H  5*0  —  5*5  G  6*1  —  6-13.  Case  6.  Frae.  uneyen.  Opaque.  Lm.  metallio* 
OoL  Light  lead-gray.  Sir.  grayish-black.  Brittle.  B.  fusible.  Partially  soluble  in 
nitric  add. 

The  Hartz,  Sweden,  Hungary,  Spain,  and  the  Brazils. 

VUmumitt^—Nieksliferout  Gray  Antimony.  JE[arimannUe,f—^i,  Sb  -f  Ki.  8* 
onUc.    H  5*0  —  5*5  G  6*2  —  6*55.    Case  10.    Opaque.    Lm.  metallic.    Col,  gray. 

INORQANIC  NATURE.-*No.  XVII.  S  K 
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8lr,  grrfiah-bkek.  Britfio.  B.  fiuibU.  PardaUy  nlablA  in  aJtro-nmciatM  acid, 
fiunrng  ft  green  soluticm. 

Found  in  iron-stone  veins.    Nsssao,  Ftossia,  and  the  Harte. 

QrujULJiitB^—Saynite.  Mekel  Bismuth  Olance.  BiamtUhifertms  Suiphuret  of  NleiaL 
ciAlo.  H4-5  0  =  5-13.  Opaque.  Zw.  metallic.  Cb/.  light  ateel-gnj.  Sfr.dwdL 
gray.    Brittle.    B.  fiuible.    Green  solutioa  in  nitric  acid. 

Foond  in  veins.    BohtMisr  and^  ConnralL 

Chreenockito^r^w^p^wTrf  of  Cadmium.  Cd.  S.  iliombo&ediaL  H  3*8  6  4*8  —  4t% 
Case  6.  Translucent,  /^ttf.  adamantine.  Col.  yellow.  iST/r.  orange.  Soluble  in  wann 
hydrochloric  acid. 

OocuTS  in  cxystalB  in  porpbyiitic  amygdaloidal  trap,  at  Bishopton,  in  Benfi^ewshirv: 

Aedzuthite.—  Vitreout  Copper,    Prismatie  Copper  Olanee.^Cu.'^  6,  pzlmuktio. 

H  2*5  —  3*0  6  5'5  ...  5*8.  Case  7.  Frae,  concboidal.  Opaque.  Xt».  metallic. 
CoL  blackish  Isad-gray.  Sir,  the  same^  shining.  Very  sectile.  B.  eaaOy  fiuffile. 
Blue  solution  in  warm  nitric  acid. 


Found  in  beds  and  veins  in  bituminous  copper  slate,  iron  stone  and  day  i 
the  Hartz,  Sweden,  Norway,  North  America,  Peru,  Mexico,  GomwaD,  TorkablMv  ^  ^ 
the  Orkneys,  and  Shetland.  Ca.*  S.  ibimed  by  the  fiasion  of  eopper  glanoe,  ov  oC'eoppes 
and  aul^har  in  the  same  proportions,  can  be  obtained  in  octahedral  crystals ;  this  snbstanoa 
is  therefore  dimorphous.    It  is  a  rich  and  highly  valuable  ore  of  copper. 

C^yrMiMmr—Kupferindiff.    Jhdigo  Copper.   Blue  Copper.— Cn,    S.ilioiii.'bolMdiaL 

H  1*5  •—  20  G  3*8  —  3-82.    Case  7.     Opaque.    Lut.  resinous.    Col.  indigo-blue.   Sir. 
black,  shining.    Sectile.    B.  fusible.    Soluble  in  nitric  acid. 
Found  in  Thuringia,  Salzburg,  Poland,  Vesuvius. 

TennantLteM^J)odeeahedral  dysiome  Glance. — 1  (Fe,  20u.}  8  +  A&  S?  rwliic. 
H  4*0  G  4*3  —  4*5.  Case  7.  Opaque.  Lue.  metallic.  CoL  blackish  lead-gray— iron- 
black.    Str.  dark  reddish-gray.    Brittle.    B.  fiisible. 

In  veins  in  granite  and  clay  slate.    Redruth,  and  St.  Day,  in  Cornwall. 

Boxnite.— PMrj[?29  Copper.  Variegated  Copper.  Octahedral  and  HtpaUe  Ooffer 
Pyrites.  Buntkupferert.  SmbeeeUe.—Z  Cu.»  S  +  Fe,^  S»  cubic.  H  3'0  G  4r9  —  6^ 
Case  7.  Frae.  conchoidal-uneyen.  Opaque.  Lm.  metallic.  Cok  between  coppot* 
red  and  pinchbeck-brown  .  Sir.  grayish-black.  Bather  aecfala.  B»  AiaiUe.  Pastidiy 
soluble  in  concentrated  hydrochloric  acid. 

Found  in  beds  and  veins  of  the  older  rocks.  The  Banot,  Norway,  Thuringia,  Silesia, 
Siberia,  Greenland,  Sweden,  North  America,  Saxony,  the  Hartz,  ComwalL  A  valuable 
mineral  for  extracting  copper. 

Cubane.— Cu.2  S  Fo.^  S»  -|-  2  Fe  S  or  Cu.  S  -(-  Fe.*  S^  cubic.    H  4*0  G  4*026  — 
4*042.    Opaque.    Lue.  metallic.    Col.  brass-yellow.    Str.  black.    B.  fusible. 
Found  at  Bacaranao  in  Cuba. 

Towanite.— Pyramidal  Copper  Pyrites.  Yellow  Copper  Ore.  ChaStepjfrHs.'^ 
Cu.'  S  +  Fe.3  Ss.  pyzamidal.  H  3-5  —  4*0  G  41  —  4*3.  Case  7.  /V«e.  ea&- 
ohoidal.  Opaque.  Ztts.  metallic.  Col.  brass-yellow.  Str.  greenish-black.  Slightly 
brittle.  B.  fusible.  Soluble  partially  in  nitro-muriatic  acid.  It  sometisieB  ^ntym^ 
I  of  silver  or  gold. 

Occurs  in  beds  and  veins  with  several  other  minerals.     Saxony,  Bohemia,  Nervigi 
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Sweden,  the  Hartz,  ComiraU,  Anglesti^  DerbjaUre,  Omnterkndr  ItethaUM,  gheliinfl, 
Wicklow,  Hungary,  Siliteria,  NcMh  and  South  Ameriea,  Africa,  Jaf  an«  An  impoxtiat  OM  «f 
eopper.    Also  tised  in  Che  maAnfadt-ore  of  bine  yitrlol,  or  sulphate  of  copper. 

Patxiiilte.  —  JPlumbo  eupriferoua  ndphuret  of  JBumutA,  Nadtkn  VmM$  Ore 
ArikiniU.  AeicuiiU-^i^CvL.^  S  +  Bi.  S^)  +  2  (Pb.3  S  +  Bi.  S>)  piinnaftio.  H  2*0 
—  2-6  0  6*75.  Opaque.  Lua.  metallic.  Coi.  Blaokisli  lead-gray.  Sir.  Uaokkll^ 
gray.     Slightly  brittle.    B.  easily  fusible.    Partially  soluble  in  nitrio  add. 

Imbedded  in  quarts,  associated  with  gold.    Beresow  in  Siberia. 

Btwm&fmtiim^Syipkur^i  •J  Biher  tmd  Capp&r.  jhfmHf^rom  Otpptr  Okmei,-^ 
Cu.2  S  +  Ag.  S  ptiaaiAtie.  H  2*5  —  3-0  G  6255.  Case  10.  IVm.  donehoUML 
Opaque.  Lui,  metallic.  CoL  blackish  lead-gray.  Sir.  the  sama^  dunimg.  Peefeetly 
aectile.     B.  fusible.    Partially  soluble  in  nitric  acid. 

A  rare  mineral.     Schlangenberg  ih  Siberia,  Chile,  SUeaia. 

•fllMuu— ^^Aiir^  of  Utd^  Mexah^Hl  UaifCfhtM,  ^hi  Leta.^Vb  S,  tvMtU 
H  2*5  6  7*4  .  .  .  7*6.  Case  8.  B.  fusible.  Soluble,  paffiflffiy  itt  nitrSo  acid.  J^Vvo. 
conchoidaL  Opaq^  Lm.  metaUie.  C6L  lead-^gray.  Str,  tbe  saaiM.  Bather 
aaeta«. 

OceniB  very  abundantly  in  rockS'  of  the  most  different  formations.  Saxony,  Bohemia, 
the  Harts,  Hungary,  France,  Norway,  Sweden,  Spain,  Silesia,  Korth  Aaaert e%  Otfeeidand, 
Cumberland,  Durham,  Northumberland,  Flintshire,  Wales,  teTeral  pbiees  in  Scotland. 
This  is  the  ore  which  yields  most  of  the  lead  which  is  produced ;  it  sometimes  contains  a 
small  quantity  of  silrer,  which  is  extracted  from  it  Galena  reduced  to  powder,  or  the 
I  lHhacgBporc>diieedfrem^  is  uMdlbr^aalttg  coarse  p6ttery. 

g|eiMnni]iito«^-<>0«i«e4hi/£edi(r  6%mce.— Pb  S,  Sb  S*,  <m%Ut.   U  2-5.    Q  6-83. 
FrM.  niMrrexi.    Opaqtte.    Z«r.  nMfCaflio.     ^/.  lead-gray.    8tr,  gray,  ahinlAg.     Sectilo. 
i  B.  fbi&lai 
I        Found  at  Pezibram,  in  Bohemia',  with  sUrer,  blende,  pyrite,  and  quartz. 

I  9iMmniidam.r~Suiphnr0t  ofMUm^Uhy  PtUnmlie  Bmmth  fi^lams.— Bi  S^  ffBttuMttfl^ 
I  H  2*0  G  6*4  —  6*5.  Case  9.  Frac  imperfect,  conchoidaL  Opaque.  Lm,  iMtalHo. 
I   Coi  lead-gray.    8tr,  the  same.    B.  eaaily  fusible.    Soluble  easily  ia.  nitiie  ma^ 

Bather  a  rare  mineral.     S««den>  Sanmy,  Bohemia,  Norway,  Sibeila,  Cottwafl,  snA 

I    Cumberland. 

I 

BUaudiker—Su^huret  of  Ttn,  Tu$  iVH^.— (2Cn*  S  -|«  Sn  S*)  4.  (2Fe  S  -|-  Sn  S^) 
I  cubic.  H  4*0  G  =  4-3  ^  4*51.  Case  9.  Frae.  uneyen.  Opaque.  Lut.  metallio. 
i  Col.  steel-grtiy,  inclining  to  bronze-yellow.  Sir.  black.  Brittle.  B.  fusible.  Hua 
I   solution  in  nitric  acid. 

I  Found  in  veins  in  Bohemia  and  ComwalL  Sometimes  called  bell-metal  ere,  from  its 
I   yellowish  tinge ;  distingnlBhed  from  copper  pyrites,  and  fSskhlerz  by  its  colour  and  black 


t,'''^9alphuret  of  Xer^ftry,  Psriiomout  Huby  JUmde.—^  B  i:liiMBalK>li6-i 
dxaL  fi  2*5—  G  8'0  —  8*2.  Case  9.  Semitransparent,  translucent  on  the  edges. 
Lu8.  adamantine.  Ool  ooohittieal-^red,  passing  into  l^d-gray  and  seiUflet-red.  8ir^ 
soarlet    Seotilftr    Sokd>le  in  nitro^mariatio  asld. 

In  beds  and  vteina.  Spain,  Syria,  Bohemia,  Saocony,  the  Hartz,  the  tM,  Mexico,  Pern, 
China,  Japan.  It  is  the  most  abundant  mti  important  ore  of  meMmxy.  VermiOon  is  pOM 
cinnabar,  and  is  used  as  a  pigment  and  in  colouring  red  sealing-wax. 
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Ajfgentite. — SulphuretofSibftry  SenheHU,  Hexahedral  Siher  Glance.— Kg  S  cubic 
H  2-0  —  2*6  G  7-196.  tJaae  10.  Frae.  uneven,  hackly.  Opaque.  Z4«.  metallic 
Cd.  blackiflh,  lead-gray.  Str.  shining.  Malleable.  B.  fusible.  Soluble  partially  in 
concentrated  nitric  acid. 

Found  in  veins.  Saxony,  Norway,  Bohemia,  Hungary,  the  Hartz,  Spain,  Sazdixiia, 
Siberia,  Mexico,  Peru,  ComwaU.    A  yaluable  silrer  ore. 

B\MXBSI$vs%IL\m.  —  FlexibU  Silver,  Prismatie  EuUm  Olanee.^kg  S  +  2Fe>  S^ 
psiBinatic.  H  1-0  ~  1*5  G  4-215.  Case  10.  Lue,  metallic.  Ool.  pinchbeck-browii. 
Str,  black.  Sectile.  B.  fusible.  Becomposible  by  nitro-muriatic  acid,  leaying  sulphur 
and  chloride  of  silver. 

Found  in  veins  with  pyrargyrite  and  argentite.    Bohemia  and  Saxony. 

Antlmontte. — Sulphuret  of  Antimony,  Gray  Antimony,  PritmaHc  AnHmotuf 
Glano$.^^h  S^ prismatic.  H  20  G  4*6  —  4*7.  Case  10.  ' Frae.  conchoidal,  imper- 
fect. Opaque.  Lut.  metallic.  Col,  lead-gray.  Sir.  lead-gray.  SectUe.  B.  fusible. 
Soluble  in  warm  hydrochloric  acid. 

Found  in  veins  in  granite  and  slate  rocks.  Hungary,  Transylvania,  Saxony,  the  Haitx, 
France,  Tuscany,  ComwaU,  Spain,  North  and  South  America.  Almost  the  only  ore  of 
antimony  found  in  sufficient  quantities  for  commercial  purposes. 

Plvmoflltc— CoptSory  Sulphuret  of  Antimony,  Federerz.  —  2  Pb  S  +  Sb  S' 
H  3-0  G  5-7  —  5*9.  Case  10.  Opaque.  Lus.  metallic,  feeble.  Col.  blackish  lead-gray. 
Sectile. 

Found  in  flexible,  fine,  capillary  crystals  in  veins  with  antimonite,  galena,  &e.  The  Harts. 

Bdunonltc.  — Plumbo-eupriferous  Sulphuret  of  Antimony,  Dipritmatie  Copper 
Glanee.-[Z  Cu^  S  -f-  Sb  S^)  +  2(3  Pb  S  +  Sb  6^)  pilaaiAtic.  H  2*5  —  3*0  G  5*70  — 
5*87.  Case  11.  Frae.  conchoidal,  tmeven.  Opaque.  Iau,  metallic.  CoL  steel-gray 
Sir.  the  same.    Brittle.    B.  fusible.    Partially  soluble  in  nitric  acid. 

Found  in  veins  in  slate  rocks.  The  Hartz,  Saxony,  Transylvania,  Hungary,  Savoy, 
France,  Piedmont,  ComwaU,  Devonshire,  Siberia,  Mexico.  Used  as  a  copper  ore  when 
found  in  sufficient  quantity. 

WolOMt^—Antinumial  Copper  Glanee.~TfYlMmaUio.  H  30  G  5*7  —  5*8. 
Frae.  imperfect,  conchoidal.  Opaque.  Lue.  metallic.  Col,  blackish  lead-gray.  Sir.  the 
same.    Brittle.    B.  fusible. 

Found  in  a  bed  of  chalybite  at  St  Gretrand  in  Carinthia. 

WoVUbegglttB,— Sulphuret  of  Copper  and  Antimony. ^^m^  S  -(-  Sb  S>  pilsmatlc. 

H  3*5  G  4*748.  Frae,  conchoidal,  uneven.  Opaque.  Lus.  metaUic.  CoL  lead-grayf 
iron-black.    Str.  black,  dulL    B.  fiisible. 

Found  with  quartz  and  other  minerals  at  Wol&berg  in  the  Hartz. 

BonlMB%nAtt^^Sulphuret  of  Antimony  and  Lead,  JBmbriihite. — 3  Pb  6  -|-  Sb  S* 
H  3*0  G  5-96  —  60.  Case  11.  Opaque.  Lue.  metallic.  CoL  blackish  lead.gray. 
Str,  darker.    SUghtly  brittle.    B.  fusible.    Soluble  in  warm  hydrochloric  acid. 

Found  in  granular  or  fibrous  masses.    France,  Sayn,  Li^land,  Siberia. 

BefaOMitt^—Oeokronite,  KHMekenite.--^  Pb  S  -h  Sb  S*  piiaBiAtic.  H  2*5  — 
8*0  —  G  5*8  —  6*54.  Frae.  conchoidal,  even.  Opaque.  Lue.  metallic.  Col.  lead- 
gray.    Str.  the  same.    Brittle.    B.  easily  fusible. 

Found  in  galena.    Spain,  Tuscany,  Sweden,  Ireland. 
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mUxidk^idtm.'—Rhombohedna DytUm  Glance.— -Th S  +  3b  S^ yriimiWc,  H  30 
—  8-5  G  5*30  —  5-35.  Case  11.  Frae,  uneven.  Opaque.  Lm.  metallio.  CoL  dark 
steel-gray.  Sir.  the  same.  Slightly  brittle.  B.  fusible.  Becompoaed  by  warm 
hydrochloric  acid,  forming  chloride  of  lead. 

Found  in  a  vein  with  antimonite  and  quartz  at  Wolfiibeig,  in  the  Hartz,  and  near  St. 
Trudport  in  the  Black  Forest. 

Jainesoiiite.— ^leo/omow  JnUmony  Glanee.'—Z  Pb  S  +  2  Sb  S^  piUnuitlo.  H  2*0 
2-5  G  5*564  —  5*616.  Case  1}.  Opaque.  Lm,  metallio.  CoL  steel-gray.  Sir,  the 
same.  Ductile.  B.  easily  fusible.  Decomposed  by  warm  hydrochlorie  acid,  lormiDg 
^^ttlnrtdfl  of  lead. 

Found  sometimes  with  boumonite.  Cornwall,  Estramadora,  Hungary,  France,  Siberia, 
Brazils. 

BrnxOdKAim^^EtdtUngeritey  Sulphitrti  of  Antimony  and  Iron.^Te,  S  -|-  Sb  S' 
H  20  ....  3*0  G 4*0  —  4*8.  Case  11.  Frae,  uneven.  Lua.  metallio;  Col  iron- 
Uack.    B.  fusible.    Soluble  in  hydrochloric  acid. 

Found  in  crystalline  masses  in  gneiss.  Auvergne,  La  Creuse,  Saxony,  Hungary. 
Yields  antimony  of  suoh  inferior  quality  that  the  manuliMsturers  cannot  use  it. 

8tep]uuiit««— J^rtV^  Sfdphuret  of  SiivoTy  Priamatie  Melano  Olancey  Black  8ulphur$t 
of  Antimony  and  Silver. -^  Ag  S  +  Sb  S^  pzismaUc.  H  2*5  G  6  2  —  6*3.  Case  11. 
J^VtM.  oonchoidal,  uneven.  Opaque.  Lut,  metalUc.  Col.  iron-black.  Str,  the  same. 
Seetile.    B.  fusible. 

Found  in  veins  in  crystalline  slate  rocks,  transition  rocks,  trachyte.  Saxony,  Bohemia, 
Hungary,  the  Hartz,  Mexico.    This  is  a  Talnable  ore  of  silTer. 

Yiovurtlto.— i2M2  Sihcr,  Buby-NmuU.^Z  Ag  S  +  As S> shOBibolitt4iaL  H  20  — 
2*6  G  5*5 5-6.  Case  11.  /Vac.  conchoidal,  uneven.  Semi-transparent  Z«m.  ada- 
mantine. Q)l  cochineal-red,  carmine-red.  Str.  Aurora-red.  Slightly  seotile.  B.  easily 
fimble.    Soluble  partially  in  nitric  acid. 

Found  with  other  minenOs  in  veins.  Saxony,  Bohemia,  Baden,  Alsace,  Danphin6,  Spain, 
Mexioo,Feni. 

TynxeyMm*--Red  Siher,  Stdphuret  of  Silvar  and  Antimony,  JRhomMcdral  Buby- 
Nonde.  3  Ag  S  -|-  Sb  S'  diombohadiaL  H  2*0  —  2*5  G  5*75  -  5-85.  Case  11. 
lyac  oonchoidaL  Translucent  on  the  edges.  Opaque.  Ims,  adamantine.  CoL  ada- 
mantine-red, blackiah  lead-gray.  Str,  cochineal-red,  cherry-red.  Slightiy  sectile. 
B.  easily  fusible.    Soluble  partially  in  nitric  acid. 

Found  in  veins  in  crystalline  slate  and  transition  rocks,  granite  and  trachyte.  The 
Hartz,  Saxony,  Bohemia,  Baden,  Hungary,  Mexico,  Cornwall.  Diatingnished  from  red 
orpiment  by  the  yellow  streak  of  the  latter  and  its  specific  grarity ;  from  cinnabar  by  forming 
a  metallic  globule  before  the  blowpipe.    A  valuable  ore  of  silyer. 

tf^BX^ftitt^Semipriamaiic  Xuiyhlonde.-^Ag  S  -f  Sb  S'  oUlqu.  H  2-5 
0 5-8  —  54.  Case  11.  Frac.  imperfect,  conchoidal.  Opaque.  Luc.  adamantine. 
CoL  blackish  lead-gray.  In  thin  splinters,— blood-red  by  transmitted  light,  Str. 
Gheny-red.    Verysectile. 

A  very  raze  mineral,  from  Baiinsdorf;  in  Saxony. 

mohMiU^Su^huret  of  Antmonyy  Lead,  and  BimytK.'-{Z  Fe  8  +  2  flb^  fiW  + 
4  (3PbS  -I-  Bi»S5).  Soft.  G  6*29  — 6*82.  Case  11.  Opaque.  Lm.  metallic. 
CoL  dark  lead-gray.    Str.  black. 

Found  in  the  cobalt  mine  of  Hvena,  Sweden. 
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I. — SsdAnHmony,  PrUmatic  Purple  Blende  Stdphuret  of  Oxide  of  AniimoHg. 
^JSb  O*  +  2  8b  (9*  0bUq««.  H  1*5  G  45  —  4*6.  Case  Sd.  Faintly  tnmfilniceiit 
Lm,  adamantSne.  6t^  ckerry-red.  8lir.  tiie  aame.  Bectile.  B.  fujsible.  Solable  j^ 
hydroohloiio  acid. 

Found  in  yeinfl  in  cryBtalline,  slate,  and  transition  rocks.  Saxony,  Bohemia,  Hongaij, 
I>aiiphini6. 

WtK^jkffmXtt.^SemiprimaHe  Dyatom  0lanee.-A  Pb  fl  +  3  8b  S>  oUl^tM.  H  2*5 
G  6*4.  Case  12.  Frae.  imperfect,  eonchoidal.  Opaqnei  Lue,  metallic.  Col.  bUukiflb 
lead-gray.    Btr,  Ihe  aame.    Brittle.    B.  fosible. 

Found  in  a  rein  of  quartz.    Wolfsberg,  in  the  Hurts. 

FeuexblendeiT— H  20  G  4-2  oblique.  Translucent.  Lut, pearly.  Sectijb isd 
zather  flexible. 

Foimd  in  the  Eurpriju,  near  Freiberg,  apd  at  Andreasbexij. 

TtJcdvn.^Cfray  Copper,  Tetrahedrol  C^ppm^  Gkn0$,     (4  Fb  S,  4  Fe  0,  4  Zn  8, 

4  0a2  6)  +  SbS3cii1>te.  H30  — 40  G4-5.-^5'2.  Case  12.  ^r4Z<;,  caofihoidal, 
uneven.  Opaq^iA.  jAte.  metallic.  CqI.  steel-^ay,  wmrhhuk'  Str,  black,  dadc  zed. 
Bather  brittle.    B.  fusible.    Decompoaed  by  nitric  acid. 

Found  in  beds  and  yeins.  The  Harte,  Nassau,  Tyrol,  Tn^sylrania,  Hungajy,  Bohenua, 
Siberia,  Mexico,  Chili,  Peru,  Cornwall,  Devonshire,  East  Lothian.  Accompaoies  copper 
pyrites,  is  worked  as  a  copper  ore,  also  occasionally  for  the  silver  it  contains. 

Tiv^Mlebmnite.—Stdphuret  of  Silver  and  Antimony,  Peritomous  Antimony 
Olanee.'^k^  8  +  8b  S>)  -f  2  (3  Ag  8  +  8b  S>},  tiic  Ag  is  aometimea  replaced  by 
Pb.  Oblique.  H  2*5  G  619  —  6*38.  Frac.  uneven.  Opaque.  Im,  metallic 
0)2. 8teel-«ny.    iS^.  the  aame.    Brittle.    B.fiifliUe. 

A  tery  rare  minsrsl,  fbond  in  veins  in  gneiss,  Freibei|;  in  Saxony, 

Osylaaent, — TeBow  Sttlphuret  of  Areemc^  Ptiemaioiddl  Bttlphnir,  As.  8*  piie- 
ni&tic.  H  1*5  —  G  3*48.  Case  12.  Semi-transparent,  translucent  on  the  edges. 
Lua.  resinous.    Col.  lemon  yellow.    Seotile.    Soluble  in  nitro-muriatic  acid. 

Found  in  beds  and  in  veins.  The  Hartz,  Bt  Gotthardt,  the  Tyrol,  Solfatara,  Veauvins, 
GnadaXoupe,  Japan.    Employed  as  a  pigment 

&e«lgev.— JKmI  Su^fhuret  of  Aremic,  SemipriemaUe  Sidphur.^AB,  8^  obUque. 

5  1*5  G  3*556.  Case  IS.  Frae.  eonchoidal. '  Semi-transparent,  translucent.  Lut. 
resinous.  GoL  aurara  red.  8tr,  orange  yellow.  Seotile.  B.  fusible.  Partially 
soluble  in  hot  nitro-muriatic  acid. 

Found  in  veins.  Transylvania,  Hungary,  Bohemia,  Ssxony,  the  Hartz,  Baden,  Hun- 
gary, St.  Gotthardt,  the  Tyrol,  Peru,  United  States,  Vesuvius,  ^tna,  Japan.  Used  as  a 
pigment. 

atiepickel*— :4r««i*ca/  Iron,  Prismatic  Arsenical  Pyrites.— Te  S^  -|-  Fe  As. 
yiismatic.  H  5*5  G  6*0  —  6*3.  Case  12.  Frac.  uneven.  Opaque.  Ltts.  metallic. 
Col.  silver-white.    Str.  grayish -black.    Brittle.     B.  fusible.    Soluble  in  nitric  acid. 

Found  in  veins  and  beds.  Saxony,  Bohemia,  Silesia,  Hungary,  Transylvania,  Sweden, 
Cornwall,  Norway,  United  States.  Worked  as  an  ore  of  arsenic,  the  white  onde  ef  een- 
merce  being  principally  obtained  from  it, 

9«tfkenLesriita.^S  Fb  8  +  As  S*  oubU.  O  6*549.  Fnsc,  unefen.  Cheque. 
Lue.  metallie.  CoL  steel-gray.  Str.  reddish-brown.  Brittle.  1^.  fasible.  Beoom- 
posed  by  hot  nitric  acid. 

Found  in  narrow  veins  in  the  dolomite  of  St  Gotthardt. 
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1.^3  Ag  S  +  Ab  8"}  +  2  (8  A^  8  +  As  8«}.j 
H^*0— 3*0  0  =  6158— 6'19L    JPr«;.  eonohoidal,  nofiYM.  Tcan^uent, tcuulocent. 
Jjm,  adamantiae.     CoL  oiaiige  yeUov-brovn.     BUr,  iha  wmue,  ^daito.     Brittle. 
B.  fiiaiblB. 

Sovad  ift  Ae  HiBMnelsfiiistaime  seur  J'jMiberg  in  Stmny. 

GoMltiiie.~3yvA^  ^^'te  CodoZ^,  Btxagtmal  CobaU  Pyritta,  Cobalt  Glance.^ 
€o  8*  +  Co  Ab.  cntte.  fi  5*6  G  6*1  —  6*3.  Case  12.  Fttm.  impetfect,  oonchoidal, 
vBueyen.  Opaque.  Lm,  nelallio.  Ckd.  silver-wliite.  atr,  grayi^-blaGk.  Brittle. 
B.  £MiUe.    SelnUe  in  warm  nitrio  acid.  • 

Vonnd  in  beds  in  crTstalline  rocks.    Norway,  Sweden,  Silesia,  the  Baaot. 

Olaueodoter— R  S*  +  E  As  where  B  is  Co  and  Fe.  piirautlo.  H  6*0 
G  =  6*975  —  6*003.  Opaque.  Lua.  metallic.  Col.  dark  tin-white.  Sir.  black.  B. 
fonble. 

Fonnd  m  reins  in  chlorite  slate.    Hoasko  in  Chili. 

HEolybdenlte,— 5MipAur0^  of  Molyhdena,  JHrkmMudrul,  £uUm  ^&hm».— JCo  8>. 
jOwmAehitdMal.  H  10  -  1*5  O  4*5  -  4*6.  Cose  12.  Opaque.  Zm,  metallic. 
Col.  lead-gray.    Str.  the  same.    Very  sectile.    Green  solution  with  hot  nitric  acid. 

JIaxony,  Bohemia,  Sweden,  Norway,  France,  United  8tates,  Peru,  the  BtazilB^  Csmwall, 
Oomberland,  VTestmoreland,  InTemess*ahire. 

ymltilns  i  ffiiB  -f  ZN6.  H  4*5  G  3*66.  Frm.  co;BoboidBl,  txmuba^mt  (m  Oie 
edges.    Opaque.    Lm.  pearly.     Col  brick-red. 

Foand  in  a  vein  of  quarts.      Boeitees,  Pn?  de  Dome  in  IWumw,  and  in  some  rinc 


B. — Gray  Oxide  of  Manganete^  Prisfnatoidal  Manganese  Ore.— Mn'O'  -|- 
TTO  ipikliilfci  H3*6-'4*aG  4-22— 4.34.  Case  13.  Opaque.  £«t.  metaXle,  im- 
|Mrfe0t  iU.  dark  steel-gEay^  bnnrush,  hlack-v^lTet-blaek.  Bir.  Teddish4innni. 
Brittle.    B.  infusible.    Soluble  in  hydrochkric  ami. 

Found  in  veins  in  porphyry,  gneiss,  and  cavitMB  of  amygdainidal  tiap.  TIm  Harts, 
Thnringia,  Aberdeenshire,  Norway^  Sweden,  Nora  Scotia.  The  purest  and  most  beaotifnlly 
«ry8ti&iced  ere  of  manganese. 

Pyiolualte.— PrtVma^u;  oxide  of  Manganese,  Anhydrous  JPeroxids  of  Mangamm.'^ 
HnO^  piismaftSc.  H  20  —  2*5  G 4*7  —  5*0.  Case  13.  Frae,  uneven.  Opaque. 
CoL  dark  steel-gray,  light  iron-black.  Brittle.  B.  infusible.  Soluble  in  hydrochloric 
ftcUL 

Fennd  at  Thwingia,  Moravia,  Che  Hartz,  Saxony,  Bohemia,  Austria,  Silesia,  I3ie 
Sfewila.  Itisanon  eCnsnganesa mosteatensively  'wartiBd  in  many  oofqntries.  It  dtfttes 
its  oaaoe  fresa  w^p  jlir^  and  houm  I  wash,  oa  acoswat  of  iU  property  «f  eleariatg  glass 
from  its  brown  and  green  tints,  a  properly  which  makes  it  of  great  value  to  the  mana£sc- 
turer.     Varvasuc  is  supposed  to  be  a  mechanical  mixture  of  pyrolutUe  and  manganits, 

VolUaito.— lCnO».  priflMttUo.  H  «*6  —  70  G  4-838^4  880.  Cast  13. 
Opaque.  Ims,  meialHey  feeUe.  Col.  light  steel-gray.  Blr.  gray.  B.  xofusible. 
Soluble  in  hydrochloric  asid. 

Found  in  Bohemia,  Saxony,  and  Siegen. 

VsllonalniM. — XTncUa^ahU  Manganue  Or4^€ompaH  and  Jlit^om  Mangsm$m  G^y 
or  Black  SfimaHie.'-'AmMU^hmu,    H  60  —  60  G  37  -^  4*4.     Case  13.    A^. 
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even,  fiat,  oonchoidaL    Opaqne.    Imb*  metallic,  imperfect    CoL  bluish-black,  grayidi- 
black,  dark  steel-g:^^.    8tr.  browniBh-black,  Bhining.    Brittle. 

Tbo  Hartz,  Saxony,  Styria,  Siegen,  Black  Forest,  Silesia,  Bohemia,  Hongazy,  Norway, 
Deronahire,  Comirall,  North  America.  One  of  the  most  widely  difihsed  ok^s  of  manf^aneae ; 
it  deriyes  its  name  ^fiKis  smooth,  and  ftcAos  black,  from  its  black  colour  and  smooth 
botryoidal  shapes. 

9atKaaitt,—Braehyiypou9  Manganete  Ore.^'Nba^O^f  pyiMBldaL  H  6*0  —  e^5 
G  4-8  —  4*9.  Case  13.  Frae.  unevexL  Opaque.  Lut,  metallic,  imperfect  C$L 
dark  browmsh-black.  £^.  lirowniah-black.  Brittle.  B.  infuaihle.  Soluble  in 
hydrochloric  acid. 

Found  in  veins  in  qnartsose  porphyry.  Thnringia,  Mannsfeld,  Westphalia,  Piedmont 
Distinguished  fi^m  other  ores  of  manganese  by  its  hardness. 

Hanmnaimito.  —  Pyramidal  Manganese  Or$,  Black  Mang4mM$.^MnO  +  Mn>0*, 
yjiamidal.  H  6*0  •—  6'6  G  4'7  —  4*8.  Case  13.  lirae.  uneyen.  Opaque.  Im$. 
imperfect  metallic  CoL  brownisb-black.  Sir.  dark  reddish-brown.  B.  infusible. 
Soluble  in  warm  hydrochloric  add. 

Found  in  yeins  in  porphyry.  Oehrenstock  in  Thnringia,  Shelefield  in  the  Hartz. 
Bather  a  scarce  mineraL 

Wad« — Sjfdrow  Oxide  ofMangamee,  Earthy  Manganeee. — AmoiplMras.  H  6*5 
G  2179  —  3*700.  Case  13.  Opaque.  Iau.  imperfect,  metallic,  feeble.  CoL  clore- 
brown,  passing  iato  gray.  8tr.  broim,  shining.  Yery  sectile,  unctuous  to  the 
touch. 

The  Hartz,  Franconia,  Siegen,  Nassau,  Carinthia,  Piedmont,  Mayenne,  Arriege,  Comwallt 
and  Deronsbire.  Supposed  to  afford  the  colouring  matter  in  dendritic  delineatiaoa  upon 
limestone,  steatite,  and  other  substances. 

Ondneilte«~asMfe  of  Mmtganete  and  Ceppar,-4>a  0  +  (Mn  O  +  Hn*  0^ 
0UI41M.  H  4-5  ~  5-0  G 4*89  —  607.  Frae,  unoTen.  Im.  metallie.  (kL  iron 
black.    Str.  black.    Soluble  in  hydrochloric  acid. 

Found  at  FMedriohrode  in  Thuiingia. 

SMMimontito^Sb  0*.  euble.  H  2*5  —  3-0  G  6*22  —  6*30.  Frae.  vnenn. 
lameUar.  Transparent-tranalucent  Lot,  resinous.  Colourieas.  8tr.  white.  B.  fuaiUe. 
Soluble  in  nitro-muriatio  add. 

Found  at  Sensa  in  Algiers. 

XagnMlte,— Jfd^yM^M/nm  Ore,  Octahedral  Iron  Ore,  Oxydidated  IreH.-~TB  0  + 
Fe*  0>.  cubic.  H  5-6  —  6-6  G  4*96  —  6*20.  Case  14.  F^rae,  conohoidal,  unorcn. 
Opaque.  Jjum,  metallic  CoL  iron  black.  Sir,  black.  B.  fusible  with  great  difBoolty. 
Solublo  in  warm  hydroddorio  add,  highly  magnetio,  more  ao  than  any  other  on  of 
Iron. 

Found  in  Norway,  Sweden,  Lapland,  the  Ursl,  the  Hsrts,  Saxony,  Bohemia,  Corsica, 
Elba,  the  Sarpy,  Spain,  New  York,  New  Jersey,  Mezioo,  the  Braails,  East  Indies,  Cornwall, 
WieUow.  Siberia  sad  the  Harts  produce  the  most  powerfiil  natural  magneta  or  loadstonet. 
This  ore  is  distinguished  from  specular  iron  by  its  streak  and  action  on  the  msgnet ;  it  ia  a 
▼ery  Tsluable  ore,  the  sted  made  from  its  iron  being  excellent  in  quality. 

Hcmatita,— igpswifar  Iron,  Bed  Iron  Ore,  Rhombohedral  Iron  Ore,  Iron  Glana, 
OUgieU  Tron.^¥t^  0*.  shombchcdval.  H  6*6  ^  6*6  G  6*0  —  6*3.  Case  16.  Frae. 
oooohddal,  uneyen.     Opaque,  very  thin  lamina  tranduoent     Lne.  metallic     (V. 
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iteel>gray,  iron  black.  Btr^  eheny-redy  redduh-brown.   Brittle.   B.  infusible.  Soluble 
in  warm  bydrodhloEio  add. 

Found  chiefly  in  beds  and  yeins  in  the  older  roeks.  lUba,  the  Alps,  Saxony,  Brasils, 
Salzburg,  Cornwall,  Lanarkshire,  Siberia.  A.  considerable  portion  of  the  iron  produoed  in 
diiferent  parts  of  the  gbbe  is  obtained  from  this  ore ;  it  requires  a  greater  heat  than  some 
other  ores,  but  affords  an  excellent  metal.  Ground  hematite  is  used  for  polishing  metals 
and  gilaaa,  and  also  as  a  eolouring  substance. 

Qkythlte* — FHtmatie  Iron  Ore,  Eydrout  Oxide  of  Iron,  Brown  hematiU,  Pjfrr^oeideriU 
OnegiU.—V^  0>  +  H  0.  pilsmatic.  H  60  -  5-5 G  4-12  —  4*37.  Case  16.  Fnte, 
imperfect,  oonohoidaL  Translucent  on  the  edges.  Opaqoe.  Iau.  adamantine.  Cb/. 
yeUowish-bTOwn,  reddish-browny  Uackish-biown.  atr»  yellowiah-brown.  Brittle, 
B.  fusible  with  great  difficulty.    Soluble  in  hydrochloric  add. 

In  Tdns  and  cavities.  Clifton,  Cornwall,  Oberstein,  Bararia,  Nassau,  Saxony,  Sileda, 
Bohemia,  Hungary,  Bussia,  Mount  Sinai,  BrazQs.    A  good  iron  ore. 

Idmaitt^—Broum  JSomatiU,  Eydrout  Oxide  of  Iron.^2  Fe*  O^  +  3  H  0  H  5'0  — 
5'5  6  8*4  —  3*95.  Case  16.  Opaque.  Lut.  resinous.  Col.  yellowish-brown,  blackish- 
brown.    8tr»  yellowish-brown.    Brittle.    Sdnble  in  warm  hydrochloric  acid. 

Carinthia,  Styria,  Hungaiy,  Saxony,  Nassau,  the  Harts,  Black  Forest,  Bohemia,  Silesia, 
the  Pyrenees,  Spain,  Scotluid,  ComwaU,  Siberia,  Brazils,  United  States. 

Tvigite.— 2  Fe^  0*  -f-  H  0.  maMlwe.    H  50  G  356  —  8-74.    Frae,  even,  con- 
choidaL    Opaque.    Lue.  dulL    Col.  brownish-red.    Sir.  blood-red.    B.  infusible. 
Found  in  copper  mines  in  the  Ural  and  the  Altd. 

enpdiU^'-Jied  Oxide  of  Copper,  Svb^  Copper,  Octahedral  Copper  Ore.— On'  0. 
ovMe.  H  3*5  —  4-0  G  5-89  —  6'15.  Case  17.  JFVm.  oonohoidal,  uneven.  Semi- 
transparent,  translucent  on  the  edges.  Iau,  adamantine.  Col.  cochineal  red,  lead- 
gray.  Sir.  brownish-red,  shining.  Brittle.  B.  redudble.  Soluble  in  nitric  acid,  and 
in  ammonia. 

Found  in  beds  and  veins  in  granite  and  crystalline  elate  rocks.  The  Banat,  Siberia, 
Lyons,  Cornwall,  Cuba,  Spain,  Saxony,  Norway,  Australia,  Peru  and  Chili  "When  found  in 
snlBdent  quantity  one  of  the  most  valuable  ores  of  eopper. 

lee.— H  0  shombeliediAl.  H  1*5  G  0*918  at  0^  centigrade.  Frae.  oonchddaL 
peUndd.    Lm.  vitreooa.    Sectile,  rather  brittle. 

Hexagonal  prisms  said  to  be  observed  in  the  levels  of  the  Lorenz  Gengentmm  mine  near 
Freiberg. 

bite,— Lr  O^-V-  Oa  0*,  Cr  0*  probably.  e«blc.  =r  6056.  Case  2.  Lue.  metaHio. 
OoL  iron  black.    Insoluble  in  acids. 

In  fhie  scales  in  cavities  of  the  larger  pieces  of  platinum,  and  in  the  ferruginous  platinum 
sand  of  the  Ural. 


I  — Mg  0.  cnblo.    H  6*0  —  G  3*75.     Traaapaient     Ltu.  Titreou. 
CoL  dark  green*    B.  inftiaiMe.    SduUft  when  in  powder  in  aoida. 
Found  in  Monte  Somma  near  Naples. 

Bniette.— JMMi3oAAlra/  Xuphm  GUmmer.-Ug  0  +  HO.  lAembehedimL 
H  2*0  G  2*8  —  2*4.  Frae.  aoarcely  obaenraUe.  Semi-tnmaparent-translucent.  Lut, 
pearly.  CoL  white,  sometimes  indining  to  gray  and  green.  Sir.  white.  Sectile. 
B.  inlbdble.    Soluble  in  adds. 

Found  in  serpentine.    New  Jersey,  New  York,  Scotland,  Siberia. 
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Case  17.    jFVoc.  uneren,  earthy.    Opaque.    Xiw.adaxiiaxitiBe,feeUe.   ^tf .  feawr-^wy, 
ibimUa.    ft.  rodneiUe.    Soluble  in  mtric  aoii. 

Found  <«ntii  bismutfa  In  fiaaony,  Bohemia,  Sibevia. 

iiartlMin      Tff  fri'r  r/nVr.  firirrYr.  "jir-fif'fr,  FfrrT  rirr  "-'----•-  «--•-- -^ 
Zn  0.  ahombohadiaL    H  40  -  4  6  G  6-49  —  <M.    Cam  17.    JPWw.  owwhaMhil, 
Tnmalwiwnt  oft  the  edgoib    Xttct.  adaxnantioa;  whan  pare  floloaiiww,  vanaUf  red, 
iDdining  to  yelloflr.    Stir.  grangO'^ellow.    Britde,    £.  infwiUe.    SoluUe  in  lutne 
Mid. 

Eaiind  in  bada  lotii  fbanldSnite  aad  oa^mto  in  iron  aanaa  in  Kev  Janey  and  naar 
Sparta.  Also  fonnd  distinetiy  csryrtaUisad  in  the  iron  and  sine  foznacea  of  SUaain  and 
Liege. 

Fmnklialte.— i^a^lMoAtf^fW  Iron,  Or$,^JiO  +  K»  0^  where  £  ia  Fei,  Ka,  or 
Zn,  and  BS  Fe,  <v Ifn.  fiubio.  H  60  -  6£i  a  507  -  6*13.  Case  17.  /Wc  con- 
cho»dai  OpaQne.'  Im.  metallic.  Col.  iron-black.  8tr.  d»xk  brown.  Brlttla.  B. 
infusible.    Soluble  in  wjinn  hydrocblocic  ftcid. 

Found  with  apartalite  and  calcite  ia  Kev  Jersey;  irith  calamine  and  Rmithwonitft  at 
Altenberg-    A  rare  mineral,  distinguished  from  magnetic  iron  by  its  streak. 

AnbolMM.— ^srM^  CobaU,  Blatk  CobaU  Ochre,  JSUfk  Oside  of  CobatL-^Q^  O  or 
Cu  0)  +  2  Kn  0»  +  4  HO.  anoiyhaiu.  H  10  —  1-6  G  2-2.  Case  17.  F^m, 
conchoidal.  Opaque.  Lus.  resinous,  glimmering,  dulL  Col.  Bluish  and  brownish- 
black,  blackish-blue.    8tr.  black,  shining.     Sectile.    B.  infusible. 

Found  in  Thuingia,  Hessia,  Black  Forest,  Lusatia,  the  Tyrol,  Siberia,  Cheshire,  Howth, 
■aar  Dublin.     Used  in  the  maanliMture  of  amalt 

PeehvzBJi.— Pi'^A  Blende^  Uran  Oehrt,  Uraitie,  Oxidtof  UraniutiL'-XJ  0  +  IP  0^. 
cubic.  H  5*5  G  6*4  —  6*71.  Case  17.  Frac.  conchoidal,  uneven.  Opaque.  Lm. 
resioous.  Col.  pitch-black,  greenish-black,  grayish-black.  Sir.  greeniah-black.  Brittle. 
B.  infusible.    DiaaolTes  io  hot  nitric  acid. 

Found  aooompanying  ores  of  aily«»r  and  lead.  Sasony,  Boharaia,  aad  OtnmaUL  A 
Ysluable  ore  for  the  porcelain  painter,  producing  a  fine  orange  colour,  and  also  a  black. 

Mintom^^Natwe  Minium,  Red  0x0$  nf  Letd,  Memu^.-^  Fb  O  -f  Pb  O' 
H  20  —  3*0  0  4*6.  Qaao  18.  Free,  earthy,  e7«n,  flat,  conchoidal  Opaque.  Lmt, 
resinous.  Col,  aurora  red.  Sir,  orange-yellow.  B.  Visible.  Partially  iitkiMt  In 
nitric  acid. 

Found  in  veins  in  clay  slate.  Anglesea,  Yorkshicn,  Sihezia;  often  a  piodnoe  of  Ite 
decomposition  of  other  lead  ores. 

O^MmkUaAim^^Oxide  of  Tin,  Tin  Stone,  Pyramidal  Hn  Ore.^Sn  0*. 
fi  6-0  ^  7*0  G  6-8  ^  7^.    Case  18.    Frae.  imperfeot,  aonehoidal. 
Opaque.     Lue.  adanmtina.    Coi.  colonrioM,  gray,  yellow,  red,  brown- 
light-gray,  light-brown.    Brittle.    R  infusible.    Kot  aeted  upon  by  soids. 

Jamid  inwiina  sod  beds.  Smatra,  6iam,  Fega,  Midacea,  Brasila,  CormMll, 
SsKony,  SilMia,  Spain,  FnNsoa,  Meaieo,  CfaUl,  €hf«den,  Bnaaia,  Moith  and  Soniii 
A  valiable  tin  ore.  Upwards  of  4000  tons  ef  tin  are  annually  obtained  from  the 
Cornwall.  It  is  extensively  used  for  covering  vessels  of  copper  and  iron;  all 
composition  of  pewter,  and  for  mirrors.  The  muriate  of  tin  is  of  great  value  to 
and  calico  printer. 
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G  9-392  — 9*448. 
iron-Uadc.    Sir.  browiL    firitde. 
B.  easily  reduced. 

Supposed  to  haye  been  fa— i  at  LaadUBa. 

CIHMtfum  gibom^oAadha/  Oortrnthmy  CorMcfofi.— AlO*.  ikoaAOlMdnl.  H  9*0 
Q^  AM  —  4M.  Gaaa  19.  Frat,  oonehoidal,  uneren.  TraBsparent,  tranalttcent  oa 
Ae  ed^ea.  €M.  white,  coloarleei,  zed,  Mue,  green,  yellow,  brown,  and  gray.  B. 
inibaible.    Iiuoluble  in  acids. 

The  Md  Tttncliea  ire  oeiled  ruhUi  and  the  Uae  M|»pMrw,  and  are  found  in  grayel  and 
tiT«r  aan4  in  Ceylon,  Pegu,  the  Elbe,  Bohemia,  and  Pay  in  France.  The  other  crystalliaed 
▼afietiea  ate  called  toruiniumj  and  adamantine  tpar  when  of  a  brown  colonr,  and  ore  found  in 
Ohina,  Ce^on,  the  Cavnatio,  Myeore,  the  Ural,  Piedmont,  Sweden,  Lapland,  New  Jersey, 
OaMnaetiftj  the  Bbine.  The  granular  and  masaiTe  variety  called  emery  is  found  in  Saxony, 
Italy,  Spain,  sfid  Asia  Minor.  The  red  aapphire,  or  oriental  mby,  when  perfect  m  oolour 
and  transparency,  and  of  a  considerable  size,  almost  rivals  the  diamond  in  value.  S<Hnte  of 
the  blue  sapphires,  cut  perpendicularly  to  the  axis  of  the  six-sided  prisms,  present  a  bright 
opalescent  star  with  iix  rays,  and  aae  called  $iar  eapphiret,  Emery  ia  osed  extensively  for 
polishing  and  cutting  gems,  stones,  and  other  articles. 

MampvK^—Euklasiie  BUtkmu  Spar.'^M  (>>  +  H  0.  rilMuatte.  H  6-5  Q  3*30 
—  3*43.  Case  19.  FVae.  conchoidal,  uneyen.  Tmngparant,  translueent.  Lus,  Titreous, 
pearly.  Col.  colourless,  white,  green,  blue,  dark  yiolet,  yellowish-brown.  JStr,  white. 
B.  ii^hiaible. 

Found  in  .the  Ural,  Hungary,  St.  Gotthardt,  Ephesms.  An  extremely  raie  wiiM'^l 
distinguished  firom  kyanite  by  its  superior  lustre. 

B74niSllUto^Al  0^  +  3  H  0.  yliwlwihoiwil,  H  2-6  ^  30  G  2*340  — 
2-387.  Case  19.  Lus.  vitreous,  pearly,  bright.  Cd.  colourless,  light  reddiah-wUte. 
B.  infusible.    Soluble  with  difficulty  in  hot  sulphuric  acid  oc  hydroohloiio  aeid- 

The  Ural,  Brazils,  and  Maflaschuaetta. 

T«ttJi0iito«-^  Mg  0  H-  Al*  0*  +  16  HO.  shMnbolMdnL     6  204.     Im. 
pearly.    Col.  white.    Unctuous  to  the  touch.    B.  isAialble.    Soluble  in  acids. 
Found  at  Sohischimskaja,  in  the  Ural. 

BT^nM00^Ahmifiaie  »f  MagnMiaj  DotkcAhmk^  C^nrndmn.— Mg  O  +  Al  O^.  The 
Mg  eoaaaliraei  replaced  by  Fe,  and  the  Al  by  2  Fe.  C«¥i€.  H  76  —  83  G  352  — 
3'96.  Case  19.  Frae.  oenchoidaL  Transparent,  translucent,  opaque  when  black. 
Lm.  vitreous.  Col.  white,  red,  blue,  green,  yellow,  brown,  black.  Sir.  white.  Biitftle. 
B.  infusible.    Insoluble  in  hydrochloric  acid,  partially  so  in  sulphuric  aoid. 

fyd  and  vi^t  tpineUe,  ibund  in  aUnrid  soil  and  in  the  sand  of  rivers.  Ceylon,  Ava, 
Mysore.  The  searlet  is  called  tha  epkuUe  ruby;  the  rose-red,  haku  ruby;  the  yellow  or 
<BUI0e-red,  the  rubiceUe ;  and  the  violet-coloured,  tJmandine  ruby.  Blue  spinelle  in  granular 
lisMstona  and  dolomite ;  Sweden,  Finland,  Moravia,  and  Ceylon.  Black  tpinelle,  called 
pletmaeie  ;  Ceylon.  Bohemia,  Montpellier,  the  Tyrol,  Vesuvius,  the  Ural,  New  York.  White 
t^neile,  ft>und  with  blaek  garnet  and  green  augite,  at  La  Ricia,  near  Rome.  Qr<u9  green 
tpinelUj  called  chioro-spineUe,  in  the  chlorite  slate  of  Slatoust,  in  the  Urol.  The  spinelle 
W9bf  m  a  0Mi»  and  when  well  eoloared  and  large  is  highly  prized.  Distinguished  from  the 
oriental  ruby  by  being  softer,  from  garnet  by  its  lighter  colour,  and  from  red  topaz,  whose 
colour  has  been  produced  artificially,  by  its  not  possessing  double  refraction. 

U^iKOil»»—AuUmaUUy  Octahedral  Carundtm.—Zxi  0  4-  Al  0^  part  of  tiia  2a 
being  replaced  by  Mg  and  Fe,  and  part  of  the  Al  by  2  Fe.    Ovblo.    H  7'9  •—  6*0 
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G  4.23 4-29.    Cose  19.    Frac.  conchoidal.    Lui.  vitreoua.    CoL  dark  leek-green, 

blackish-green,  grayiah-green,  blue,  black.  Str,  gray.  Brittle.  B.  infuaible.  Not 
acted  upon  by  acida. 

Found  embedded  in  talc  slate,  in  Sweden,  Finland,  Conneetieut 

ChxjfiohvcfL—Cymophaney  Prwnaiie  Conuidtm.--G  0  +  Al  0*.  priMtHr. 
H  8-5  G  3-680  —  3-764.  Oaae  19.  Frae,  conchoidal.  Transparent,  semi-traoapanBt 
Jms.  vitreous.  Col.  greenish-white,  asparagus-green,  oil-green,  greeniah-gray.  Sir. 
white.    B.  infusible.    Insoluble  in  acids. 

Found  in  the  Ural,  Connecticut,  New  York,  Moram,  Ceylon,  Pegu,  the  Brazils.  When 
transparent  and  cut  with  facets,  it  forms  a  brilliant  yellow  gem.  When  it  presenta  its 
peculiar  milky  or  opalescent  appearance,  from  which  it  deriyes  the  name  of  eymopkam,  or 
floating  light,  it  is  cut  en  eaboehon.  Chryoberyl  is  distingniahed  from  nuNm-tfofM  and  opaiaaeaa 
quartg  by  its  superior  hardness ;  from  yellow  topag  by  not  becoming  eLeetxie  when  healed. 

Wol£raiiiOche».—OOTatfo/irV«fi^*<«#i.—WO».  earthy.  Opaque.  Xw.  duIL  CoL 
yellow.    Soluble  in  ammonia. 

Found  at  Huntington,  in  the  United  States,  with  wolfram  and  aoheelite. 

Goiaotto.— -U'  0^  amotphoiu.  H  3-0  Gt  4-378.  Frae,  uneven.  Col.  pitch- 
Uaok.    Str,  gray.    B.  infusible.    Soluble  in  hydrochloric  acid. 

Found  on  the  north  shore  of  Lake  Superior. 

Plombgomme.— JSyiroiM  Alvminate  of  Ltad,  Plufnho  i2eim»(«.— (PbO  +  2AIA0^ 
+  6H0.  globnlM  inaMfH.  H  5  O  4-88  —  6-421.  Case  19.  Frae,  conchoidaL 
translucent.  Lut.  resinous.  Col.  yellowish,  reddish-brown.  Sir.  white.  B.  fuaiUe. 
Soluble  in  concentrated  nitric  acid. 

Found  in  Brittany,  Camberland,  and  Missouri,  in  lead  mines.  Much  resembles  soma 
Tarietiea  of  mammilated  blende. 

Qwurts.— JKAomioAA^ro;  Quartty  Sock  Cryitdl.—8iO^.  irhombohadsml.  H  70 
•O  2*6  —  2*8.  Caaea  21-24.  I^ac.  conchoidal.  p^ransparent,  tranalucent.  Zva.  yitnoua. 
OoL  white,  colourless,  violet,  blue,  rose-zed,  brown,  green.  8tn  white.  B.  infusible. 
Insoluble  in  all  acids  except  k^^bv-JUwrie  add. 

Ameihyet — This  term  is  now  applied  to  all  the  violet,  purple,  blue,  white,  yellow,  and 
green  crystals  of  quartz  which,  when  fractured,  present  the  peculiar  undulated  structore 
described  by  Sir  David  Brewster, — ^it  waa  formerly  restricted  to  the  riolet  apeeimens.  The 
fineat  violet  amethysts  are  found  in  Siberia,  India,  Ceylon,  and  Persia ;  when  uniform  in 
tinge,  and  transparent,  they  form  a  gem  of  great  beauty.  Crystals  of  inferior  colour  to  these 
are  found  in  Transylvania,  Hungary,  Saxony,  the  Harts,  and  Ireland.  White  and  yellow 
cryatals  from  the  Braxils,  when  cut,  are  frequently  aubstituted  for  the  topax. 

Bock  Cryetal. — ^This  term  is  uaed  for  the  tranapareat  ciystals  found  in  Switxerland, 
Savoy,  Dauphin^,  Piedmont^  Quebec,  Briatol,  Ireland,  ftc.  When  pure,  it  ia  eut  into  lenses 
for  spectadea,  called  pcbbUt ;  it  is  alao  used  for  vaaea  and  other  ornamental  purposes. 

Sinoky  QiMtrT^.— Applied  to  the  wine-yeUow,  dove-brown  ciystala  found  in  Seollsad, 
Bohemia,  Pennsylvania,  and  the  Brazils ;  alao  called  the  Soottiah  oaimgonm,  and  moeh  uaed 
aa  an  ornamental  stone. 

Boee  or  Milk  Quartx. — Massive  quartz  of  a  rose-red  and  milk-white  colour,  found  in 
Bavaria,  Finland,  and  Connecticut. 

Pnue. — Quartz,  coloured  of  a  dark  leek-green  by  admizture  of  amphibole,  found  maaaife 
in  the  iron  mines  of  Ssxony. 

i9t(20rite.— Indigo  or  berlin-blue  quarts.    Saltzburg. 

Common  Quarts  comprehends  all  the  maaaive  varieties  of  quartz  not  mentioned  above ;  it 
is  Ibund  in  great  abundance,  forming  veina-  in  primitive  and  tranaition  zocka,  aometimfa 
many  hundred  foot  in  thiokneaa. 
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Honutont,  Flinty  Slate,  LytUan  Stone^  and  FUnt,  are  names  given  to  the  compound  Tarie- 
ties  of  quartz  which  poaaess  a  fine  texture. 

Float'ttone,  or  tpongiform  quarU,  oonaiats  of  numteons  minute  white  or  gray  ciystala 
of  qaartz,  which  will  swim  on  water,  till  the  air  in  its  .numerous  cavities  is  displaced. 

Chalcedony  is  a  mixture  of  crystalline  and  amorphous  quartz,  found  at  Chalcedon,  in  Asia 
Minor,  Iceland,  Faroe  Islands,  Hungary,  Western  Islands,  Cornwall,  India,  and  Siberia. 
The  red,  brown,  and  yellow  varieties  are  called  eamelians ;  the  yellow  are  known  to  lapi- 
daries as  earde^  Most  oriental  cornelians  are  originally  dark  gray,  and  owe  their  fine  red 
hne  to  an  artificial  exposure  to  heat;  found  in  Arabia,  India,  Surinam,  Saxony,  and  Scotland. 

Agatee  are  composed  of  irregular  layers  of  chalcedony  of  various  colours. 

Mocha-etone  and  mote-agates,  are  transparent  varieties, 
The  onyx  is  formed  of  chalcedony,  arranged  in  alternate  layers  of  different  colours. 

Catseye  is  chalcedony  of  a  brownish-red  or  greenish-gray  colour,  penetrated  by  ami- 
anthas,  and  exhibiting  a  play  of  light;  found  in  Ceylon  and  Malabar. 

Chryeopraee  is  of  an  apple-green  colour,  produced  by  oxide  of  nickel ;  found  in  Silesia 
and  Vermont. 

Avanturine  contains  many  minnte  fissures  or  else  scales  of  mica,  which  reflect  bright 
points  of  light,  and  give  polished  apeoimens  a  shining  spangle-like  appearance ;  found 
it)  Spain  and  India. 

PUuma,  a  transparent  chalcedony  of  a  grass-green  or  leek-green  colour ;  found  in  India 
and  China. 

Heliotrope,  or  blood-ttone,  chalcedony  coloured  by  a  green  earth,  and  containing  spots  of 
yellow  or  blood-red  jasper ;  found  in  Bucharia,  Tartary,  Siberia,  and  the  Hebrides. 

Iron-flint,  Eieenkieeel,  or  ferruginous  quartx,  contains  five  per  cent,  of  iron;  is  found  in 
Saxony,  Bohemia,  and  Hungary. 

Jasper  is  rendered .  opaque  by  a  mixture  of  iron  and  clay.  The  striped  jasper,  from 
Siberia,  Saxony,  and  Devonshire,  is  distinguished  by  its  ribbon-like  delineations;  the 
Egyptian  jasper,  by  its  red  and  brown  colours*  and  globular  structure. 


Fig.  m. 


ng.896. 


Fig.  395  is  a  crystal  of  quartz  in  the  British  Moieiun,  which  shows  most  beauti- 
fViUy  tiie  gradual  growth  of  crystals ;  a  transparent  hexagonal  crystal,  terminated  by 
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ito  planes,  similar  to  Fig.  395  or  Fig.  396,  waa  first  formed  of  p«ro  qutrte,  *  depOBt 
of  green  chlorite  then  took  place  on  its  terminal  planet,  the  crfstal  waa  then  inereuBd 
by  ireah  aooessiona  of  ailiea,  stffl  retaining  its  pi^oper  erystalline  fisnn,  irheA,  after  it 
had  considerably  increnaed,  another  sprinkling  of  chlorite  feU  upon  its  terminal  planes; 
this  seems  to  haye  been  repeated  four  times.  The  crystal  being  very  transpannty  tha 
chlorite  reyeals  most  distinctly  four  soocesalTe  stages  ci  ita  ISorOMtiaii.  Fig.  306 
is  a  specimen  of  Egyptian  jaaper  ii^  the  Britirii  Mussfom,  which  ia  reiMfkahle  ob 
aeooont  of  the  natural  maikings  of  its  fraetwed  surfboe  leprttsetttfatg  «  ray  tolenhie 
likeness  of  Chaucer,  the  poet 

Many  agate,  onyx,  and  cornelian  cylinders  were  brought  £rotti  the  ruins  of  Kinersli^ 
by  Mr.  Layard. 

The  moss  agates,  haliotropea,  and  flinte,  from  the  upper'  beds  of  ohdk,  eortaia 
nuoine  organisxM,  prindpally  sponges. 

Opnl—^tffmoftf  Qtmrtty  VnehmaiU  Q»gr<s>  im—»lieW(S.  H  5-6  ^  6*5  G  1*9 
-^  2*3.  Case  24.  Frw.  coochoidal.  Transpavent,  ti«inliieeiit.  Xm.  yitreous.  Oa. 
colourless,  white,  yellow,  red,  brown,  green,  gray,  black.  Some  yarieties  exhibit  a 
beautiful  play  of  colours.    Very  brittle. 

Hyalite,  or  MulUr'$  glass  appears  in  small  uniform,  botrjoidal,  and  sometimea  afalaelitic 
shapes,  either  of  a  white  coloor  or  tnoaparent;  fbond  in  amygdaloid  and  ia  < 
Frankfort,  Hangary,  and  Bohemia. 

Fire  opal,  or  girasol  of  the  French,  possesses  bright  hyacinth  red  andyeUow  tints;  i 
in  Mezioo  and  the  Faroe  Islands. 

Noble  opal,  or  preeioue  opal,  includes  all  those  specimens  which  exhibit  the  play  of  p>is> 
matio  colours;  these  are  found  embedded  in  porphyry  at  Czertenitia  in  Hungary  and 
at  Honduras  in  America,  also  in  Mexico  and  in  Iceland.  When  large  and  pure,  it  ia  con- 
sidered a  gem  of  gisl  tfltaa^ 

Common  opaf  and!  juiJ  upul  are  devoid  of  the  play  of  colours,  and  are  distinguished  by 
their  different  degrees  o#  transpssency,  lustre,  and  perfection  of  their  conchoidal  fracture ; 
found  in  porphyry  and  in  Hie  oavMsa  of  amygdaloid  rocks,  Hungary,  Faroe,  Iceland,  Giant's 
Causeway,  Md  the  HebrMesi 

CachoUmg,  nearly  opatpie,  eoMidlsn  a  small  portion  of  alumina,  and  adheres  to  the 
tongue ;  Bucharia,  Faroe,  leelandv  and'  Giant's  Causeway. 

HydrvphaM  ia  aririe^  of  opal  Whieh  is  opaque  when  dry,  but  transparent  when  immersed 
in  water;  SasMiy. 

}Voo(§opai  is  distinguished  by  its  ligneous  structure  and  semi-transparency;  found  in 
Hungary,  Tra«syl?ania,  Bohemia,  Fame,  and  New  South  Wales. 

SSket&tM  gftiter,  a  deposit  from  hot  springs ;  the  Geyser,  in  Icelsiidw 

PmrtstHfer,  orjiortie,  found  in  the  oavities  of  rolcanic  tufiit. 

W(Bikul$im0l9*^TaMar Spoft,  Priamatie  AugiU  iS^r.-^aO  -f' 8I0*«  ^btlt«*- 
H  5*0  G  2*8  "  2*9.  Case  25.  Frae,  uneren.  Semi-cransparenl,  fiittBhiMnt  on  the 
edges;  tm.  yitl«oiiB.  Coi.  white,  passing  into  gray,  yellow,  rsdy  and  b«own.  Str, 
white.  Ibsdier  britde.  B.  fbsible  with  difficulty.  SoldMe  i»  ftyteohloiio  add, 
leaving  a  j|»Uy  of  silioa. 

Fonnd  in  granular  limestone,  lava,  gneiss,  and  trap.  The  BaifliC,  IKnlsnd,  Sweden, 
YesuTiuB,  Canada,  Onited  States,  Saxony,  Ceylon,  and  Edinburgh^  dan  be  formed  artifid- 
ally  by  faanig  lime  and  siliea. 

Okenite.— iV9«2^'^«-— Cft  0  +  2Si  0^  +  2H0.  prismatic.  H  4*5  —  6-0 
G  2*28  —  2*36.  Case  28.  Translucent.  Lus.  pearly.  CoL  yettowish,  white,  bluish- 
white.    B.  fusible.     Gelatinizes  in  hydrochloric  acid. 

Found  in  amygdaloid  rock.    Faroe,  Iceland,  and  Greenland. 
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[  O  +  6»i  0^  +  2H0.  BUMilirw.  H  !•«  (3t2^S^ 
Case  25.  Fnf.  imeTen.  Tmulnceiit  on  edges.  !«•.  diJl.  Col,  yelltyvrieb  antf 
gnjiflh-white,  UoialiPgny.  j9^.  shiaing^  unotuous.  B.  fuable.  Soluble  in  iiil- 
phvzio  aoid. 

FouDd  in  serpentine,  limestone,  Sac.  Cornwall,  Bayreuth,  Greenland,  St.  Helena, 
Cliixia.  Used  in  the  manofkctnre  of  fine  porcelain,  for  ftdling,  marking  cloth  and  glass, 
poliahing  mirrors  and  marble,  diminishing  the  firlction  of  machinexy,  and  as  a  fire-stone  for 
ftunaces. 

OttroUU.— PAy«iYtf.-^(lFe  0  +  Si  0»)  +  (2A1 0»  +  3Si  0«)  +  SH  0.  Scratches 
g^aas.  6  4*4.  Fra4,  uaeren.  Traasliieent.  Xim.  yitnoiifc  C6L  grayiab-black, 
iiHiKning  to  green.    8tr,  grayish-vhite.    B.  foaible.    Soluble  in  hot  sulphuzio  aeid. 

Found  in  small  hexagonal  crfstals  in  clay  slaie.  Ottrea  Luxemboorg,  and  Masm- 
chusetts. 


^.r-^Earthff  Carh<maU  of  KagntsiOy  Mo^nesiU,  SephHU,  KsflhSL— 
Mg  O  4-  Si  03  +  HO  ?  H  2-5  G  1-2  —  1-6.  Case  25.  Frac,  earthy.  Opaque.  JSiw. 
doll.  ColL  white^  inclining  to  yeUow,  red,  or  gray.  Siv,  shining.  Adheres  to  the 
tongOT.' 

Fonnd  in  nodnles  in  Greece,  Spain,  Portagal,  Morom,  Shreden,  Asia  Minor.  TTsed  for 
pipe-bowls.    Derires  its  name,  which  signifies  froth  cif  the  sea,  from  its  lightness  and  whitish 

tdXbmmas^^^SUinmark.^^  2*5  G  2*496.  Case  25.  Frae.  oondhoidBl.  Opa^E^. 
Jau.  dull.  Col.  blue,  passing  into  red  and  gray.  Sir.  ahinii^.  Sodile.  Adheres  to 
the  tongiie.    B.  inlbsible. 

A  silicate  of  alumina  and  iron,  found  at  Planitz  in  8axony. 

Beipentina**^  OphUej  MarmoHte,  MetinalUe,  CkrysotiU,  MttaxUe,  JBctltmoritey 
iVcrofi^e.— 2  (MgO  + Si  0')  +  (MgO  + 2  HO).  H  30  G  2-47  -  2-60.  Case  26. 
Frae.  uneven,  conchoidal.  Translucent,  opaque.  Lus,  resinous,  duIL  Col  green,  of 
▼arious  shades.  Sir.  white,  shining.  B.  fusible  on  the  edges.  Decomposed  in  powder 
by  hydrochloric  and  sulphuric  acids. 

Oecurs  in  massen  forming  rocks,  in  beds  and  reins,  and  pseudomorphoiiB.  amny, 
Bohemia,  Moravia  Austria,  Styria^  Saltzbnrg,  the  Tyrol,  Hongary,  Silesia,  Italy,  Corsica, 
Norway,  Swedf^n,  Siberia,  United  States,  England,  and  Scotland.  The  term  noble  is  applied 
to  those  serpentines  which  are  of  a  uniform  green  colour,  and  are  translacent  and  fit  for 
cutting.  Serpentine  is  easily  out  or  turned,  and  admits  of  a  high  polish ;  it  is  used  for 
rases,  architectural  decorations,  and  other  ornamental  purposes.  It  derives  the  name  of 
serpentine,  or  ophite,  from  its  spotted  or  variegated  appearance  like  the  skin  of  a  snake. 

Aaftlgotitfl^^  (EO  +  Si  0')  +  (Hg  0  +  HO)  wheta  E  is  Mg  and  Fe.  H  2-6 
G  2*62.  Case  2.5.  Transparent,  teanalnoent  Xm$.  feeble.  Col  green.  8tr,  white. 
B.  fiisible  on  the  edges.    Decomposed  by  sulphurio  add. 

Found  in  the  valley  of  Antlgorio  in  nedmont 

TilUnite.— Pzianatic.  Soft.  G  2*978.  Case  25.  Frae.  gnnular.  Trans- 
lucent.    Col.  yellowish-green.    B.  infusible.    Decomposed  by  strong  acida. 

Found  in  a  bed  of  magnetite  in  Piedmont,  supposed  to  be  an  altered  oliTine. 

BroiMlU.— J7smt>rMfiM«fe  Sehilkr  Spar,  IHaUag$,  RO  -f  Si  0>,  where  It  is 
Mg  and  Fe.  oblique.     H  5*0  ^  6-0  G  3*2  —  3*6.    Caae  26.    Tnmalaeoit    Xms. 
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metallic,  pearly,  frequently  reaembling  bronie.    Col,  dark-green,  brown^  aab-gn^. 
8&.  grayish.    Slightly  brittle.    B.  fusible  with  difficulty.    Not  soluble  in  acids. 

Found  in  serpentine  and  basalt  Styria,  Bajreu^  Moravia,  Cornwall,  the  Tyrol,  Heaea, 
Silesia,  Spain. 

Clintonita.  —  Xanthophyllity  Chrysophane^  BeyhertiU,  ScHmenU,  Btwu^nU. 
xhombohedna.  H  4-5  -^  60  G  3  01  -  310.  Case  25.  Lut,  Titreons.  CtL 
yellow,  brown,  green.    B.  infusible.    Decomposed  by  strong  hydrochloric  acid. 

Found  in  the  Ural,  Tjrol,  and  New  York. 

0\twi3Bkm,-^CkrfftoUt6y  Peridot,  Fritmatic  ChrymtUih,  SyalNidmU,'^2  MgO  +  ^0>. 
piiaiiMktlc.  H  6*5  —  7*0  G  3*3  —  3*44.  Case  25.  Frae.  conchoidal,  tranj^axcDi, 
traxLBlucent.  Lut,  yitreous.  Col,  green,  yellow,  brown.  8tr,  white.  Decomposed  by 
sulphuric  acid,  forming  a  jelly. 

Found  in  Egypt,  Natolia,  the  Brazils,  Styria,  Vesuyius,  Mexico,  Sweden,  Baden.  Tb^ 
transparent  varieties  are  called  chrysolite,  the  brown  hyalosiderite.  Chrysolite  is  prized  as 
a  gem  when  large,  free  trom.  flaws  and  of  a  good  colour;  it  is  so  soft  as  to  lose  its  polisb 
unless  worn  with  care.  Chrysolite  is  softer  than  chrysoberyl,  harder  and  heavier  thaa 
apatite,  and  distinguished  firom  the  green  tourmaline  by  infusibility  and  absence  of  eleetrieil 
properties  when  heated.  Chrysolite  is  derived  fh>m  xfiv^os  gold,  and  Kt9os  atone ;  and  kyak- 
tideriie  from  6aXos  glass,  and  trihipos  iron. 


Pioronnlne*— IVumo^  pieraamvie  steatiU, — 2  MgO  +  SiO^  +  ^0* 
fi  2-5  —  3  0  G  2*59  —  2*66.    Frae.  uneven,  opaque.    Ltu,  pearly.     OoL  gree&idli- 
white,  blackish-green.    8tr.  white,  very  sectile.    B.  infusible. 

Found  in  masses  in  Bohemia,  the  Tyrol,  and  Saxony ;  distingnished  fhnn  asbestos  b; 
the  bitter  srgillaceous  odour  it  exhales  when  moistened ;  hence  its  name  from  irucp6t  bitter, 
and  ocfiTi  smelL 

BatiaoUta.— (2  CaO  +  Si  0^)  +  (2  Mg  0  -|-  Si  C).  crystalline  syatem  un- 
determined.  H  5*0  G  3*033,  Case  25.  Frae.  imperfect,  conchoidaL  Translucent 
Lut.  resinous.    Col  light  grecmish-gray,  white.    Sir.  white.    B.  fusible. 

Found  at  Rizoni  in  the  Tyrol. 

Kontl€eUlta.--(2  CaO  +  Si  0^)  -f  (2  Mg  0  -f  Si  0>).  pilniULtie.  H  5'5 
G.  3*245  —  3*275.  Case  25.  Nearly  transparent.  Lut,  Yitreous.  Col.  oolonrieaa,  yd- 
lowiah.    Soluble  in  hydrochloric  acid. 

Found  in  granular  limestone  at  Monte  Somma.  Named  after  the  Neapolitan  mineralogist 
Monticelli. 

Smitlisoiilta. — PHtmaiic  Zine  Baryte^  Pritmatie  or  EUetrie  Calamitw^  BUjetem 
OxitU  of  Zine,  Zinkylat,  Oahim,—^  Zn  O  +  Si  0>  -{-  HO.  prionatic  H  50 
G  3*35  —  3*50.  Case  26.  Frae,  uneven,  transparent,  translucent.  Lm,  Titieoas. 
Col.  colourless,  white,  yellow,  brown,  green,  blue.  8tr.  white.  Brittle.  Becomes 
electric  when  heated.    B.  infusible.    Soluble  in  acids,  leaving  a  jelly  of  silica. 

Found  in  veins.  Aix-la-Chapelle,  Liege,  Caiinthia,  Silesia,  Poland,  Gallieia,  Baden, 
Derbyshire,  Cumberland,  Scotland,  the  Tyrol,  Hungary,  the  Banat,  Spain,  Siberia,  the 
Hartz.    Used  ss  an  ore  of  sine. 

Willemita.— ^»7tM0t»  Oxidt  of  Zine,  Brachytype  Zinc  Baryta,  TrooatiU. — 2  Zn 
0  +  Si  0^.  rliombolMdxal.  H  5*5  G  3*89— 418.  Case  26.  ^mc.  imperfect  000- 
choidal,  semi-transparent,  translucent    Lut.  vitreous.     Col.  colourless,  white,  yribw, 
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farown.    Sir,  white.    Brittle.    B.  furible  on  tlie  edges.    Beoompoeed  by  hjdroohlofio 
acid,  IflATing  &  jelly  of  lOicft. 

Fouid  at  Moresnet,  Stolberg,  CaiinthU,  SerriA,  uid  New  Jersey. 

Bhodoatto.  —  5SMc0roiw  Oxii€  of  Mangmuu,  Diatumom  AmgiU  Bpar, — 
Ma  O  +  Si  0>.  obllftue.  H  5-0  —  65  O  3-61  -  3*65.  Cue  26.  Trae.  uneTen. 
Trenelnoent.  Xt».  yitteoiit.  Col.  red,  brown,  spotted  with  green.  8tr.  reddish- 
wihite.    B.  fbriUe.    Insoluble  in  hydrochloric  tdd. 

Foimd  in  messes.  Sweden,  TrtnsjlTsniA,  the  Hartz,  New  Jersey,  Piedmont,  Algiers, 
ComwslL    AUagiUj  pkotiMiU,  end  eornsous  manganetej  are  sll  rarieties  of  BhodoniU, 

Va9]urolte,'-2  Un  0  +  Si  0^  Crystalline  s]rstem  nndetermined.  H  6'5 
Q  4*06  —  4*12.  Case  26.  JWk.  unoTen.  Zm.  adammtine.  Chi,  ash-gray,  tarnish 
brown  or  black.  Sir.  ash-gray.  B.  fusible.  Decomposed  by  hydrochloric  acid, 
leaving  a  jelly  of  silica. 

Found  with  franklinite  at  FranUin  in  New  Jersey. 

O^mMm^-^homiohsdrtU  Cerium  Oro,  SUieif^romt  Oxide  of  Cornm,  OtriU^  Red 
SwUeeom  Oxideof  (7mifm.— BO  +  Si  0^  +  2  HO,  where  B  represents  oerixun,  lanthaninm, 
and  didymium.  shooaboliadxal.  H  b'b  O  4*9  ~  6*0.  Case  26.  jPWm.  nneyen, 
transluoent  on  edges.  Opaque.  CoL  brown,  red,  gray.  Stir,  grayish-white.  Brittle. 
B.  infusible.    Soluble  in  hydrochloric  acid,  leaying  a  jelly  of  silica. 

Found  only  in  an  old  copper  mine  at  Bastnas,  in  Sweden.  Resembles  red  granular 
corundum,  but  easily  distinguished  ft'om  it  by  its  inferior  hardness. 

mtoniU.— Oulbio.  H  6*6  0  4*16  -  4*66.  Frme.  oonohoidaL  Opaque.  Xus. 
▼itreona.  CoL  dark-brown.  Sir.  yellowish-brown.  Very  brittle.  Decomposed  by 
hydrochloric  add,  leaving  a  jelly  of  silica. 

Found  at  LsmS  in  Norway  in  syenite. 

Clilo»oph«lta«-^3oft.  O  2*02.  Case  26.  DuU  green,  and  afterwards  black. 
B.  infosible.    Decomposed  by  hydrochloric  acid. 

Found  imbedded  in  amygdaloid  rock  in  the  island  of  Bum,  and  in  Fife. 

OUwopaL— .JV<m<n>«we«,  Km^im^.— Fe*  0<  +  2  Si  0^  -)-  3  HO.  MassiTe. 
H  3-0  —  4*0  O  2-0.  Case  26.  Frae.  conchoidal.  Opaque.  Translucent  on  the  edges. 
Col,  greenish-yellow  and  pistachio  green.    Jau.  vitreous,  dull.    Brittle.    B.  infbsible. 

Found  in  Hungary  and  the  Harts. 

gtflpnttmalma,— mhoanbohadial.  H  3*0  -  40  6  30  -  34.  Case  26. 
Opaque.  Lm.  vitreous.  Coi,  black,  blackish-green.  Sir.  olive-green.  Bather  brittle. 
B.  fiiaible.    Imperfectly  decomposed  by  adds. 

Found  in  clay  date  in  Silesia;  derives  its  nsme  ftom  oriAirrof  shining  and  /icAos 
black. 

JBaiacaiite.— TVaiifi^  OHUngitef  Po^AyufrOf.— JUallbraa maaaaa,  H  30 
G  2*79  —  3*06^  Case  26.  Frae.  conchoidaL  Opaque.  Lm,  resinoaa.  Col  Uack. 
Sir.  yeUowiah-brown.    Brittle.    B.  fusible.    Partially  soluble  in  hydrochloric  acsid. 

Found  in  Bavaria  and  Sweden. 

eKmiUdikU^''SideroeehiMolUe,  Rhomiohedral  Ketone  JfiM.— 2  Fe'  0^  +  Si  0' 

Jl-  2  (2  Fe  0  -t-  Si  0^  +  6  H  0.    Beniform  and  fibrous  masses.    H  2*6  G  8-348. 
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Caie26.    T^anilttoeat.    Opaque.  Xw.  yitreoiu.   CW.1>laflk.   Air.  dak  gVMK 
B.  infiuible.    Decompofod  by  hjdrocfalorio  acid,  leaying  a  yXtj  of  aiBoi. 
Found  in  Bohemia,  Camwall,  BnsUa,  and  ChilL 

r4Kf«llUi^/iwi  CSUyjofc'fA— 2  F«  0  +  Si  0*.  yiUt^ttW.  HB*90'ril  -  #-14. 
Ctvi  26.  i^oc.  imperfect,  conohoidal.  Opaqitf.  Xw.  imparflN^  metallic.  CVL  iroii* 
Uack,  i^^5*n«»«g  to  green  or  brown,  braas-yeUgrw  tanuah.    Magn^n.    B.  ftiaiblA. 

Pdnnd  on  the  aea-shore  at  Fayal,  and  on  one  of  the  Home  monntaina,  Ireland.  Ckjstalt 
harii^tfae  oompcwtioa  of  FayaUl;^  and  the  i>xm  of  OUrine,  are  ftund  in  vaAategciaAMvemd 
the  slag  of  oopper  ftmacea. 

AAthMMwtta.— Fe*  0*  +  4  820>  +  H  0.  fltoovs.  H6i  G  >•#.  Om^U. 
Opaque,  Im.  silky.  Chi.  yeiW  oohre  and  brovn.  Sir.  the  eaaie.  Ybiy  laqgh. 
B.  Aiaible.    Deoompeaed  by  hydrochlozie  acid. 

Found  with  magnetite  in  the  Brazila ;  derirea  ita  name  from  ai4ot  a  flower  and  #)9^por 
iron. 

ytfl»iaW,^A|iaofii^iM>  H  8D  -^  4-6  O  2*40  *-  2^3,  Awv  onuhaWtl. 
Tnaa^tamit  tnaahioaat.  Uu,  waxy.  CW.  y^Uonr,  brown.  8tf^  yeUovt  B.  fiwU^i 
D— owpoanhhi  by  hydioahlorio  aoid. 

Fennd  in  volcaaM  tnJhy  in  Sioily  and  loeland. 

Ckiy»oo«Uiu — IfydroiUieeoua  Cbpp^j  Copper-^reni,  VkoiMnable  SU^hylmg  MiUa- 
Matf,  iti6«M;jfa^A«^.---GuO  +  8iO)  +  2HO.   MBOIvKam-    H2'0-)'0O2*0 

—  2'2.  Gaae26.  Frae.  conohoidaL  Semi-tranaparent.  Lui,  reainooa.  CM,  green, 
akywbliie.:  Afr.  gneBiah-whito.  SU^tilybrittk.  B.  infiiaibK  DieeagMad  by  aitric 
«r  hydraohlerio  aoid. 

Found,  with  other  ores  of  oopper,  in  the  Banat,  Hungsiy,  the  T^,  Boheniak  Sftaony, 
the  Uml,  Altai,  Spain,  Norway,  New  Jersey,  ComwaU,  Meaeo^  Qiili,  AmalmUa., 

MftMB*  Rkmboktitml  MkurM  JfafaaAi^  Bmtraid  Oopp$r^  iatfirffcy  JB^tr- 
marugd.-CuO  +  SiO^  +  HO.  vhomkohadMd.  K5-%  Q  8*27  ^  8-348.  O^M  26. 
Frac  conohoidal,  menrea  TnnapaYMt,  tntaaluoait  Zm,  YkveoM.  CU.  TrtnaM 
green.  Sir,  green.  Brittle,  B.  infuaible*  Soluble  in  nitric  and  hydiochloxia  loida, 
leaYing  a  jelly  of  ailica. 

Fownd  in  limeatooae  in  the  Eiigbeae  Steppea,  in  Siberia.  Derirea  its  name  from  Sm 
through,  and  'oirrofuu  to  see,  in  allusion  to  the  possibility  of  aeeing  the  natoral  jointa  by 
transmitted  light.  Distinguished  from  the  emerald  Vyinfnrtnr  hirdnfa.  hi^ev  apMifir 
granty,.fnd  by  acquiring  negatire  electricity  by  friction. 

—  50  G  5-965.  Case  26.  F^ae.  aneyfMu  flmti  tninmawntL  1>»maf  ZML.ndft- 
laMitm.  M  brown  Of  yallaw.  ^.  yeUowkb^^iray,  BnUfe.  B.  iwibla.  Sdable 
in  hydroohlorio  acid,  leaving  a  jelly  of  silica. 

Bqan4U«unnt«ciqf«tataiaQQhal$Teinib    SohneaMganAfitaiiM4wC4%8«nt^- 

Wknun^P^ramUa £ircoHj  B^mmik.^'ZtO  +  B(P:  yjnwMnX,    H  r5  04'« 

—  4-T:'  Ctoe  20.  FVac  conohoidal,  nneren.  T^nanapamt^  tranafaioeBt  oa  the  adgoL 
Lui,  TitreouB.    Ooi,  red-brown,  yellowr,  gray,  green,  whftaw     St^rwUtbi-  BL  inftMililiL 

Tb^-iem  i^P8d«A  ia^aygftad  .to:  Uiiwunwnlirand  lni|^ktrcolow«fl|«ad»t^iiq|p«t^ 
orystala  deroid  of  colour  imd  of  a  smoky  .tinge,  ocoaaionidly  aold  aa  inMor  diaaooda; 
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ZMlBmtkM  tlA«n9 a«4  bmrn^xoogii  and  VfMpMi.  ^nmHoB.  WonA  in  gD«s8»  futile, 
▼olcaaio  matter,  aUaviiuiu  •qA'S«b4  9t  rifev,  C^don,  Noswiis  SUiBiia».H»ii  Jen»% 
Sweden,  Graenknd,  Egypt,  CvioUua,  Fzwce,  It«];r,  Ye^nns,  the  }&ui  Indies,  S«xonT»  the 
Ural,  Tnuujlnuiia. 

IfoteMM and  OvatetftOii miqm  giwa  to  two nuntexiJa  hftdag  tlMlvm «r  nrM»i,.4Dd 
fiuppoaed  to  be  that  mineral  in  a  stage  of  decomposition. 


Th0ilU^2ThO  +  SiCP  +  2H0.  mMrtwu  H  45  0  468.  Cape 26.  JBw. 
coQoholdal.  Xm.  yitreous.  OoL  bla«k*  '^^r.  dark*brown.  Brittle.  B.  infosiUtt. 
Gdatinizes  in  hydroohloric  acid. 

Found  with  mesotype,  at  Lovo  in  Norway.  It  was  from  this  mineral  Berxeliiis  first 
obtained  the  rare  metal  tkorium. 


p^JVfcgKi»>  Arfnymi^r.- Aie* + Sipg.  pilraMMoii  H7*»  tt.ri  -^3-2. 
Omb  26.  JVm.  nnenren,  flat,  eonchoidal.  Transpamn^,  tRUMluaent  ox  the  edge& 
Lu8.  Titreottfl.  Co/,  reddish,  pMais^  into  ptl*  gray.  Sin  whitt.  B.  mfuiibli^ 
Slightly  afEeoted  by  acids. 

FonJBd  in  granite,  gneiss,  and  wioaihta.  Spidn»thATyTol»B«nm»Bahanla,  JfsiaTia, 
SUeaia,  Saxony,  France,  Si]|eria»  Braiihi,  BaoDEkture,  Ireland,  Conneeticat,  Massaobusetts* 
Distinguished  tromfelipar  by  its  hardness  and  infofldbilUy,  from  corundum  by  its  stmctore 
and  speeific  gravity. 

ChioitoliUt  or  hoUow  tpar,  appears  to  be  a  yariety  of  andalu$it»f  hmkogptmm  of  a  datker 
substance  in  the  centre  and  sometimes  in  each  angle,  connected  by  thin  pbntes  of  the 
same.  H  5*0  —  95  G  2*9  —  3'93.  Dorives  its  name  from  the  sommits  of  Its  crTstab  being 
marked  in  ike  fi>rm  of  the  Greek  letter  X.  Fowid  in  the  P^tvaees,  ^ain,  N« 
Cumberland,  Wicklow. 


■ysalt#v-^2>iMA^  iSiflMMmitlr.  Btukekit$^  JPUmUt»y  Jhrimmik  *iMteir  ^j^or, 
MimroUle,  Rhatieit.^A10^  +  SiO\  •mathio.  H  50  —  60  G  358  — 3*62.  Oatd 
26.  I^iu.  uneyen.  Transparent^  transliioaii*.  Liu»  paaily^  yhnmuk.  CkL  blue, 
wM»»  grt^i  UK^k,  eolondeai.    Str.whiti^    Biiitte.    Bw  iaCiuiUe.    TjwolnMn  iaa^ids. 

Fe«Ddinaiica.atete,gHmil%|^eiss,te  8witMd>nd,S^yri%CarimhML WawftWre, Unilad 
amm  Boheawa,  S<mth  Anieaea*  tf  Maaahnse^.  tha  Tyrol,  Shetland  Dktiogwshed  from 
iicHnolUt  by  its  infoslbility,  cleayage,  and  specific  gravity.  Whan  bine  Sfid  tranapannt,  is 
cot  and  polished  as  an  ornamental  stone,  resembling  sapphire, 

Bamlito,— n  6*6  ^  G  2*984.     Jhitf.  uneren.    Transluoent.    Ztu.  ^tomw.    OoL 

liywwAm rtfinfritpMBtf  wdc^taUi^e mtmmf  mih  qqarts,  in.Korway. 

Wteaite.~4AlO»+5  8iOs  +  2HO.  Gfasnkr  a8gi«gatkNi&  H70^7'» 
6  3*0.  Cue  26:  VeeU^r  tnadooenk  £iis«petity.  Cb{.wUli>  B;iiifiiaklK  Ib« 
soluble  in  acidc 

Found  in  tha  nelghlloiirhood  of  8t  Petewibnif. 

oUalmaMM.  B  3*0  e  1-862  — 1*88».  CMe26;  Wr0is tm, con<hakM» awMliiinnniwt 
Tmodxmja/k  tm  Urn  odfon.  Lm.  wazj.  (H,  whitOi  yeUgv,  TCd>  Mom^  bh^aod  gNOk 
Brittle.    B.  infusible.    Gelatinizes  with  acids. 

W9ttad,iAUmm9iMmmMt,$nAMi$fm^.  Derives  ita.n«n»  fr«m  liXof  and  ^adwto 
,ie«piiita  ohM^  «l  amoKiiKot  uadec  lihe  blovpi^* 
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O  1*92  —  2'12.    Oftse  26.    Frae,  conchoidaL   Opaque.  Xm.  waxy.    Col.  white,  Une» 
green,  yellow.    B.  infoBible.    Gelatmixei  with  ralphnric  acid. 
Found  in  reniform  maues.    Silesia,  France,  New  Granada. 

OoUyxita.— iSSMrfcvi^— A  hydrouB  silicate  of  alumina.  H  1*0  —  2*0  G  2*06  — 
2*11.  Case  26.  Frac,  earthy.  Opaque.  Lua.  dolL  CoL  white,  reddiah,  greeniah.  8tr, 
ahining.    Unctuoua  to  the  touch.    B.  infusible. 

Found  ID  reniform  masses  in  the  Pyrenees. 

Bole.— ▲  silicate  of  alumina  and  iron.     H  1*5  —  2*5     G  1*6  —  2*0.      Case  2A. 
Frac,  conchoidal.    Opaque.    CdL  brown.    8tr,  reainous.    Seotile. 
Found  in  noddies.    Silesia,  Bohemia,  Saxony,  Hebrides. 

8olintt«ito^-*iAl'0s+Si03  +  8H0.  AmoiphouB.  H80-8*5  Gl-985^ 
2*015.  Case  26.  Frac,  conchoidal.  Translucent  Liu.  yitreouB.  (hi,  light  emerald 
green.    Bir,  white.    Brittle.    B.  infusible.    Gdatinisea  with  hydrochloric  add. 

Found  in  nodules  in  Styria. 

MUMchlM^-£I^Mm.— Al  0^  +  Si  0>  +  S  H  0.  Maasiye.  H  1*5  -  20 
G  2*131.  Frac.  conchoidal.  Ltu.  glimmering  dull.  CoL  blue-green.  B.  infusible. 
Partially  decomposed  by  hydrochloric  acid. 

Found  masalTe  in  Serria. 

Ovoppltar— Crystalline  maases.  H  25  G  2*73.  Frac.  splintering.  Semi- 
transparent]  ill  thin  fragments.  CoL  Bose-red,  brown,  red.  Str.  light.  Brittle.  B. 
fusible  on  tiie  edges. 

MUiiltori— H  3*5  G  2-835.  JVoa  conchoidal.  Opaque.  Xwt.  dull.  CW.  iHnte. 
GaBe26. 

Found  in  yeins  of  limestone  at  Sehemnitz  in  Hungary. 

Agalnatolito.— Jfyiir*  «<0M#,  TaleglapMjuc,  BUdMn.—'R  8-0     G  2*75  —  2*85. 

CaBe26.  JVoo.  uneyen.  CML  white,  pale  gray,  green,  yellow,  fleah  red.  j^A^.  white  and 
shining.  Slightly  brittle,  almost  sectile.  B.  fusible  on  the  thinnest  edges.  Beoom- 
posed  by  hot  sulphuric  acid. 

Found  in  China,  Saxony  and  Hungary.  Carred  by  the  Chinese  into  grotesque  figures 
and  omamenta. 

Apophyllito.— Pyramufii/  Kouphmc  Spar,  OxhaveriU,  Tyramdal  ZcoUU,  Ickthf- 
opikalmUe^T^tcaliU,  jiknm.^Z  {Ca  0^X0,^0) +2  BiG^  + 2 'BO.  pymnidal, 
H  4*5  —  5*0  G  2*35  —  2*39.  Case  27.  Frac  imperfiaet,  conchoidal.  Transparent, 
tnmalucent  Lm.  yitreoua.  Col  colourless,  yellow,  blne^  red,  green,  8tr.  white. 
Brittle.    B.  fiuiUe.    Decomposed  by  hydrochloric  add. 

Found  in  cavities  of  amygdaloid  rocks,  in  yeins  in  trsnaition  slate,  and  in  beds  of  mag- 
netite. The  Banat,  the  Tyrol,  Iceland,  the  Harts,  Hiudostan,  Bohemia,  Sweden,  Greenland, 
Siberia,  North  America,  Fifeshire.  JpopkylUtt  derives  its  name  from  cnro  and  fvAXer  a  leaf, 
on  aoeoont  of  its  tendency  to  ezfoUate  under  the  blowpipe.  The  peculiar  peariy  lustre  of 
the  ciystaUiaed  yarieties,  which  is  one  of  the  most  decided  characteristics  of  this  mineral, 
gave  rise  to  the  name  tcAfAyop/Aoimtle,  or  fish  eye-stone,  from  ix^vs  a  fish  and  ofdaXfun 
aa^ja,' 

Ch^^tLtam.—mmiohcirdl  Ko^lum  Spar,  PhacoUU,  Skomiokadtal  ^apttc^Ca  0 
+  81 0>)  +  (Al  03  +  8  Si  0>)  +  6  H  0.  z]iombah«dMa.  H  4*0  —  4*5  G  2*08— 
2*15.    Case  27.    Frac  uneven.    Semi-transparant,  semi-tranaluM&t    CoL  colonrisss, 
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B.  futible.     Deeompoeed  hj  hjdioohloiic 


irhite,  reddiah,  yeUowiflh.    Str.  white. 
acid,  leaTiDg  a  jelly-  of  silica. 

Found  in  caTities  and  veins  in  amygdaloid  snd  platonio  rocks.  Bohemia,  the  Tyrol, 
Faroe,  Iceland,  Greenland,  Sweden,  Ireland,  Benfrewshire,  Hnngaiy,  Siberia,  Massa- 
chusetts: 

K0Mt7pe.— Z«oZt/A,  Nairolithf  B«rgma»mUj  MeaoUte,  EadioUU^  Ptritomout  Kou' 
phmu *wr.— (Na  0  +  Si  0»)  +  (Al  0»  +  2  Si  0«).+ H  0.  pilamatio.  H  60  - 
5*6  G  2*24  —  2-26.  Case  27.  Frae.  conohoidaL  Transparent,  tnmsliicent.  Liu. 
Titreoufl.  Cai,  colourless,  gray,  yellow,  red,  pale  green.  Str.  white.  Brittle.  B. 
faaible.     Decomposed  by  hydrochloric  acid,  leaving  a  jelly  of  silica. 

Found  in  basalt,  syenite,  and  transition  rooks.  Greenland,  Iceland,  Bohemia,  the  Tyiol, 
Ireland,  Norway. 


%*—Nudk»Ume,  PwmMite,  JntrimoUU.--{Gd,  0  +  Si  0<)  +  (Al  C  + 

2  Si  0^  +  3  H  0.  obllftue.  H  5  0  — 6*5  G  2.2  — 23.  Case  23.  /Va<?.  conchoidal. 
Transparent,  translucent.  Lut,  yitreous.  Col.  colourless,  white,  gray,  reddish,  yel- 
lowish. Brittle.  B.  fusible.  Decomposed  by  hydrochloiic  acid,  leaving  a  jelly  of 
ailica. 

Found  in  cavities  of  amygdaloid  rocks.  Staffs,  Faroe,  Iceland,  Greenland,  Hindostan, 
tha  Tyrol,  Ireland.    Curls  up  before  the  blowpipe,  whence  its  name  from  ffKwXii^  a  worm. 

Oomi^onlte,— Il&onMMt^,  Orthotomous  Kouphotu  apar.—Z   (Al  0'  +  Si  0'}  + 

3  (Ca  0  +  Si 0*)  +  7  H  0.  prismatic.  H  60  —  5-5  G  2-31  —  2-38.  Case  27. 
Frae.  imperfect,  conchoidal.  Transparent,  translucent.  Col.  white,  yellow,  red.  Str. 
white.  Brittle.  B.  fusible.  Decomposed  bj  hydrochloric  acid,  leaving  a  jelly  of 
silica. 

Found  in  amygdaloid  rocks.  Vesuvius,  Hessia,  Bohemia,  Greenland,  Iceland,  the  Tyrol, 
Scotland* 

€hm>Hntt6> — HydrolitSf  SarcdUte,  Meteromorphotu  Kouphone  Spar,  Seraehelite, — 
(B  0  +  Si  OS)  +  (Al  0  +  3  Si  0>)  +  6  H  0,  where  B  is  K,  Ca,  and  Na.  zhcnabo- 
hedial.  H  4*6  G  204  —  212.  Ca.<ie  27.  Frae,  uneven.  Translucent.  Lue,  yitreous. 
€ol.  white,  reddish.  Str.  white.  Brittle.  B.  fusible.  Decomposed  by  hydrochloric 
acid,  leaving  a  jelly  of  silica. 
\  Found  in  cavities  of  amygdaloid  rocks.    Yicentine,  Ireland,  Sicily.  * 

liewyne.— Jf«jro<y/M>u*  Kouphone  iS;?ar.— (Ca  0  +  Si  0»)  +  (Al  0»  -f  3  Si  0»)  + 
6  H  O.  rhombobedial.  H  4*0  G  21  —  2-2.  Case  27.  Frae.  imperfect,  conchoidal. 
JSemi-transparent.  Lut.  yitreous.  Col  white,  grayish.  Sir,  white.  Brittle.  B. 
fusible.    Decomposed  by  hydrochloric  acid,  leaving  a  jelly  of  silica. 

Found  in  cavities  in  trap.    Ireland,  Renfrewshire,  Faroe,  Iceland,  Skye. 

O^ioUto.— 6Wtf/tYe.  2  Ca  0  +  3  Si  0^  +  3  HO.  H  30-40.  Case  28.  Lw 
yitreous,  thin  plates,  transparent.    Col.  white.    Very  tough.    B.  fusible. 

Occurs  in  small  spherical  concretions  in  the  cavities  of  basalt,  from  Stoir  in  Skye. 

Zdingtonlte.— iVramti&rf  Brythim  Spar,  Semi-pyramidal  Spar,  ItywtcudiBiMX. 
H  4*0  —  4*6  G  2*71.  Case  28.  Frae.  imperfect,  conchoidal.  Semi-transparent, 
tranalttcent.  Col.  grayish-white.  Str.  white.  Brittle.  B.  fusible.  Forms  a  jelly^in 
hydrochloric  acid  without  being  completely  decomposed. 

Found  in  small  crystals  in  amygdaloid.    Dumbarton,  Scotland. 


Digitized  by  LjOOQIC 


dlB 


■SILICATES. 


TnmslQceiit.    OpsifK. 


JJgWfltot— #Ufl««».  H  30  —  3^5  G  2 607  —  2*948. 
Iau,  vitreous.  Col,  yellowish-white.  Sir,  light>brown.  B. 
on  by  hydro€hloii«  acid. 

J^nnd  IB  white  iJMifftone.    Fniiddi&,  Kftw  Jofeey. 
'     Aml^m»r-Hexak«dral  Xouphone  ^par.— (Na  0  +  Si  0^)  -4-  (Al  0^  +  3  Si  0-) 
+  "2  HO.  ««IMo.  H  6*5  O  2*22  —  2*28.   Case  28.    Fiw.  unervn,  traadHOWt    Xw. 
Titrwms.    CM.  velotoleBs,  white,  gray,  reddish-whhe.    8tr.  white.    Brittle.    B.  fnrilfe. 
Decomposed  by  hydrodiknc  acid,  leating  a  jelly  of  silica. 

Poand  in  canities  of  amygdaloid  rdeks,  in  beds  of  tnagnoitite,  gneisB,  poiphyiy.  Tht 
Tyrol,  Scotland,  Irehaid,  Bohemia,  the  Ural,  Faroe,  Iceland,  Norway,  the  Hartz. 

Eitd]iop1dto.--(Ka  0  +  Si  0^  +  (Al  0'  +  3  Si  0^)  +  HO.  yHnutUb.  B  6-5 
G  2*27.  Frae.  CYeu.  Transparent.  Lut.  pearly.  Col,  white,  gray,  brown.  Sir.  white. 
B.  fosible.    Deoompoted  by  hydrocfaiorie  acid,  leaving  a  jelly  i}t  silica. 

Foand  in  syenite.    Lamo,  near  Brevig. 

Btahiim.^DeanuH  Prismaioidal  Kouphtm  Spar.—(C9^  0  +  3  Si  0^}  +  (11 
0'  +  3  Si  03)  +  6  HO.  pzismaUc.  H  35  -  4  0  G  21  -  22.  Case  28.  J^. 
uneven.  Semi-tranaparfent.  Lw  vitreous.  Gal.  colourless,  white,  yellow,  red,  bcown. 
8tr.  white.    Brittle.    B.  fusible.    Decomposed  by  acids. 

Found  in  cavities  of  amygdaloidal  rocks,  also  in  beds  and  vaios  in  granite  and  slate. 
Iceland,  Faroe,  Skye,  Hindostan,  the  Tyrol,  Norway,  Sweden,  BUesia,  the  HsMs,  the  Alps, 
Scothnd,  Siberia. 

^ialtahiim.^^-JHploffmms  ITomphane  Spar.^{C%  0  +  3  Si  O^)  +  (Al  O*  +  3  Si 
0<)  +  5  HO.  FrismAUc.  H  3*5  -  40  G  2*24  -  2*25.  Oase  28.  Frae,  unevui. 
transparent.  Lut,  vitreous.  Ool,  colourlessi  white.  Str,  wliite.  B.  fusible, 
posed  by  strong  hydrochloric  acid. 

Found  in  cavities  of  amygdaloidal  rocks.    Icelaad,  Faroe. 


.^Smipnmmtie  KtmphoM  ^par.-^iCt  0  +  3  Si  0<}  +  l(Al  0»  + 
8  6tO«)+5HO.«iUiftte.  H  3-5 -40  0  218-2*22.  Case  28.  ^ocumb, 
trtfBnpaient.    Im,  vitieeus.     Ooi.  colourless,  wliite,  g:i«iy,  fafown,  Md.    Sir.  wlule. 

Brittle.    B.  fusible.    Decomposed  by  hydrochloric  acid. 

Found  in  cavities  of  amygdaloidal  rooks.  leeiaad,  0M«e,  Hindostan,  Kwa  -Seotia, 
Bohemia,  the  Tyrol,  Transylvania,  Norway,  the  Hartz,  Saxony,  Sibexia,  Scotland,  Skye. 

BnfWSlMtU.  —  Jft^A^SfMow  Zcmphotm  0par.—^i>W$jmmt.  :H  4*0  --  4*5 
O  2*12  —  2*20.  Case  28.  Frae.  VMven.  Brittle.  B.  fosible  with  JMAmi^, 
Decomposed  by  hydrochlorie  acid. 

Found  in  oavUies  of  amygdaloidal  rocka.    Scotland,  Ireland,  France,  and  the  FyssBees.* 

Lftomimite.  —  LtonkmrdiU,  Diatomoui  Kwphom  Spar^  J>i'priswuUie  ZmlkU.— 
(CaO  +  SiO*)  +  (A103  +  SSiO^)  -f-  4H0.  oiaft«iie.  H  3*5  G 233  —  241.  Cms 
28.  Frae,  uneven.  Translucent  Lut,  vitreous.  Col,  yellowish  and  grayish-white, 
flesh-red.  8tr,  white.  Very  brittle.  B.  fiisible.  Decomposed  by  hydrocUorio  aeid^ 
ktfnng  a  jelly  of  uliea. 

FVmnd  in  cavities  of  amygdaloid,  tmd  in  nr^tUlic  veins.  Bretagne,  Bohemia,  tlA  Tyvd, 
Hongary,  Sweden,  Mie  Oral,  North  America,  Far5e,  Icehmd,  9kye,  Ireland,  Seottaftd.  '9p^ 
dmens  of  this  mineral  ought  to  be  oewsBed  with  a  thin  eoMion  of  gta  arabic,  to  i 
the  rapid  decomposition  which  takes  place  when  tliey  are  exposed  to  the  au*. 
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TwthJbii^.'^MoUmtom  Tnphan$  Spar,  Souj^KoUte,  EdsUtk,  CkiUoHHe.—^(C9,0  + 
SiO>)  +  (A103 -f  SiO^)  +  HO.  ptinnaUc.  H  60  -  7*0  G  2-92  -  3  01.  Case  39. 
#Hic.  meyen.  6«mitnMnp«r6Bt>  tfaulooent.  £me»  TitiMoSi  Col,  geetm^  7dl»w^  gray. 
gUr,  wliite.  Brittle.  Becomes  electric  hj  the  applicatioii  of  heat.  B.  fusible.  9ir- 
iially  soluble  in  hydrochloric  add. 

Found  ia  granite  and  crystalline  rocks.  Danpbin^,  the  Tyrol,  Pyrenees,  Switaasland,  ■ 
Saxony,  the  Hartz,  Norway,  Sweden,  Massachasetts,  Sonth  Africa,  Scotland,  Gloooestoi^ 
shire,  Staffordshire,  Land's  End,  China.  The  grass-green  varieties  hare  been  mistaken  for 
eteyioiite,  ehi^sopiMe,  and  emeraUL. 

^UTepimte.^Jaifd,  TIncttavahle  Nephrite  Spar,  3eiistein,^{ihO  -f  fiiO^)  +  (SlfgO 
4-  2SiO').  H  5-6  —  60  G  2-65  -  8-0.  Case  29.  Frae.  splintery.  Tranrittceht 
on  the  edges.  Lus.  resinoos,  dark.  CoL  leek-green|  greenish-white,  greenish- 
ipay.  Sir,  whiley  shining.  Tough.  Slightly  unctuous  to  the  touch.  B.  f«sible 
oatho  edges. 

Fnmd  fltuGSShe  and  in  blocks  with  slate  and  limestone.  India,  Toritay,  ZiSiptig,  Zitfle 
TUbet,  Obina,  Egypt,  the  Amason.  Vessels  made  from  Jade  are>a8  sonorons  as  pdwelain. 
It  is  wrought  into  hatchets  by  the  Kew  Zealanders.  Derires  its  name  from  fc^/ms  a  kidmy^ 
because  it  was  supposed  to  be  a  remedy  fbr  diseases  of  that  organ. 

Hwot— >-— P<y<towoiis  JSMqthone  Spar,  StauroliU,  P^nmiM  ZMU  or  Om% 

sl«iM^iir0rtmte,  iitfarfMsfffo,w^id^«M^^^  38iO*)-h6HO. 

"VHaoMiMc.    H  4*0  0  2-99  — 2«!60.    Case  29.     Brae,  uraven,  imperilKt  conthmdal. 

Transparent,  translooent.    Lus.  yitreous.     CoL  trhitc,  colouriess,  gray,  yellow,  brown, 

red.    Sir.  white.    Brittle.    B.  fusible.    In  powder  decomposed  by  hydrochloric  acid. 

Found  in  metallic  veins,  and  in  cavities  of  amygdaloidal  rocks  and  basalt.  Scotland, 
tiie  Hartz  Norway,  Silesia,  Oberstein.  Derives  its  name  from  appoei  a  Joint,  and  rtp^v 
t0  saf,  ftnm  the  appearanee  of  ita  twin  crystals. 

VhlUlpsite. — Gitmondinej  ZeagonUe,  Lime  HarmoUme,  ChrisHanitey  AbraxUe,  Stmt' 
rvtypoM  Koupfume  iS^r.~(RO  +  SiO')  +  (AlO^  +  SSiO>)  -f-  6H0.  ptIilBatlo. 
H  4*5  G  2*14  —  2*213.  Case  29.  Fra«.  conchoidal,  uneren.  Translucent,  transln- , 
«enl  on  the  edges.  Lue*  ntreous.  CW.  white,  gray,  colouriess,  blue,  yeUoW)  >«d.  Sir, 
white.     Brittle.    B»  ftisiUe.    Desomposed  by  hydsochlorio  ftcid,  iMiting  ft  j^y  bf 

BiliM. 

Found  in  cavities  of  amygdaloid  and  basalt.  Bohemia,  Siteria,  Bonn,  ObefMSln,  Yeku- 
yios,  Sicily,  Bome,  Giant's  Causeway.  Bsaembleia  Ha9ii»tom»^  bmt  distingaialifldfiroai  it  by 
its  lower  specific  grarity. 

FUspas.^Or^AotftsM,  OHhotoumu  Feiepar,  Jdtdaria,  MurehuowHs'Sttnidimf  MUk" 
wiWii,  AmoMniioHe,  Perthite.^{KO  +  3SiO«)  +  (AID*  -f-  3SiO').  obli«M.  Bt  6-0 
6  2*53  ~  2*59.  Case  29.  Frae.  conohoidal,  uneven.  Transparent,  translucent  on 
the  edges.  Lut.  vitreous.  OoL  colourless,  white,  gray,  green,  brown,  red,  flesh-red, 
Tetdigris^green.  i^tr.  grayish^idiite.  Brittle.  B.  tefblo  with  difficulty.  Kol«cted 
onbyadda. 

Adutaria,  or  tnnspaxeht  Febpar,  is  tbund  lik  )»latonio  and  im^tamoif  hi<r  rocks.  8t. 
(^otthsKdt,  Mont  Blanc,  Dauphin^,  Norway,  Arran,  Cornwall,  Sttowdon,  Ceylon,  QMenkMia. 

if oon  Stone,  a  transparent  esioarleas  Mspar,  from  Ceylon,  wUck  pnssStttSi  a  fkkj  of 
light;  used  as  an  ornamental  stone. 

C«iiiiMm  Feitpar.    Italy,  SileaiA,  Inland,  the  Ural,  Bohemia,  Braails. 
•  'Qnem  Ftitpar  (Amazon  Stone),  found  on  the  east  side  of  Lake  llmen. 

OUuty  FeUpar  (Sanidine),  found  in    trachyte,  basaltic,   conglomerate,  snd  volcanic 
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masses.  The  Rhine,  Mexico,  Chili,  Baden,  Hungary,  Italy,  Iceland,  Cassel,  Yeranns, 
Arran. 

MurehiBoniU  is  a  flesh-red  Tariety  of  felspar,  found  in  rolled  pebhles.  HcaTitree, 
£xeter. 

Crystals  of  flesh-red  felspar  hare  been  found  in  a  copper  furnace,  and  of  adulari&  in  an 
ironfiimsce. 

The  porcelain  earth,  or  Kaolin  of  the  Chinese,  is  produced  by  the  decomposition  of 
felspar.    Felspar  is  extensively  used  in  the  manufacture  of  porcelain. 

Volliix.— A  hydroailicate  of  alumina  and  potash.  H  6  0  —  6-6  G  2*868  —  2*892. 
Case  29.  Frae.  conchoidal.  Transparent  Lut,  yitreoos.  Ool.  irhite,  colouziaoi. 
B.  fusible  on  the  edges.    Decomposed  by  acids. 

Found  with  petalite  in  cavities  of  granite  at  Elba. 

"  Labiadoxite.— Xo^rador  Felspar,  Anhydrous  SeoleeiU,  ManUiUf  SiUei^  OptUm 
FOtpar,  Polychromatic  F^par.—{B,  0  +  Si  0^)  +  (Al  0^  +  2  Si  0>)  when  B  is  Ca 
or  Na.  aaoxtbic.  H  6-0  G  2*67  —  2*76.  Case  30.  IVor.  imperfect  oonchoidaL 
Faintly  translucent.  Lus.  yitreous.  Col.  gray,  red,  green,  white,  blue.  B.  fiiaibile. 
Deoomposed  by  concentrated  hydrochloric  acid  when  in  powder. 

Occurs  principally  as  a  constituent  of  rocks.  The  varieties  which  exhibit  a  play  of 
colours  are  mostly  derived  from  a  coarse-grained  hypersthene  rock.  Labrador,  Rusai*,  Fin- 
land, Ireland,  the  Tyrol,  the  Hartz,  Scotland,  Corsica,  Saxony,  Hessia,  Sweden,  Faroe,  Nor- 
way, ^tna,  Vesuvius.  The  play  of  colours  is  supposed  to  be  produced  by  microscope 
crystals  of  quartz  included  in  the  labradorite.  It  receives  a  good  polish,  and  is  valued  for 
ornamental  purposes  on  account  of  its  beautiful  colours. 

;  99ctom»,'^UlliU,  OamsUtey  WootastonUe,-^  RO  +  3SiO*  +  HO  where  R  is 
Ca  and  Na.  H  4*0  —  60  G  2*745  —  2*756.  Case  29.  Translucent  on  the  edges. 
Lua,  pearly.  CoL  grayish-white.  Brittle.  B.  fusible.  Decomposed  by  hydrochloric 
acid. 

Found  in  spherical  masses,  in  amygdaloid  and  felspar.  Verona,  the  Tyrol,  Lake  Supe- 
rior, New  Jersey,  Scotland,  Bavaria. 

Favjaaita.— (R  0  +  Si  O^)  -f  (Al^  0'  +  2  81 O^)  +  9  H  0  where  R  is  Na  and 
Ca.  pyimmldal.  H  50  G  1*923.  Case  29.  Frae,  uneyen.  Transparent,  translucent 
on  the  edges.  Lus,  yitreous.  Col,  white,  brown,  colourless.  Brittle.  B.  fusible. 
Decomposed  by  hydrochloric  acid. 

Found  in  cavities  of  amygdaloidal  rook.    Sassbach. 

LatzoMte.  —  IHploite.-^A  hydrosilicate  [of  alumina,  anortliic.  H  5*0  —  60 
G  2*720  —  2*722.  Case  29.  Frac.  uneyen.  Translucent.  Lus.  yitreous.  CW.  psle 
red.    B.  fusible. 

Found  with  felspar,  mica  and  calcite.    Labrador  and  Massachusetts. 

AlUta.  —  Ferieliney  CUavclandite,  Heterotomous  Felspar^  TetarimSf  TcUtrto- 
prismatic  Felspar, --{Nt^O  +  3810')  +  (A10»  +  3SiO»).  anorfhlc,  H  60  —  6*5 
G  2*54  —  2-64.  Case  30.  Frae.  imperfect  conchoidal.  Transparent,  translucent  on 
the  edges.  Lus,  yitreous.  Col.  colourless,  white,  red,  yellow,  green,  gray.  Sir, 
white.    Brittle.    B.  fusible.    Not  decomposed  by  acids. 

Found  in  granite,  gneiss,  greenstone,  and  lava.     Dauphine,  the  Pyrenees,  Italy,  Saxony, 
Silesia,  the  Hartz,  the  Tyrol,  Moravia,  Baden,  Greenland,  Siberia,  the  Alps,   Sweden, 
Scotland,  Ireland,  Cornwall,  Egypt,  the  Brazils,  Massacbusetts.     Derives  its  name  from 
'  cUbut,  white. 
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OhTirtianif.— ^»tor<Atito,  AmphodaiU,  Inditmite,  Lepolit^  Jmrthotomtm  Fel- 
jp«--^CaO  +  SiO«)  +  (A10»  +  SiC).  Miortliic,  H  60  O  2-656  —  2-763.  Caae 
80.  Frae.  conchoidal.  Tnnspftient,  tranalaoeiit  Lus,  vitreouB.  Col.  odourletf, 
white.    Sir,  white.    Brittle.    B.  fusible.    Decompoeed  by  hydrochlorio  acid. 

^  Found  in  dolomite,  in  laTA,  and  in  meteoric  stones.  Vesnyios,  Jbte,  Iceland,  Colombia. 
Diatingniahed  from  topaa  b j  inlierior  hardneaa  and  specific  grayity. 

0li%9el9LM%  ^—^dfUitomout  Feltpar^  Soda  Spodftmem,  UhumUe,—(2^tiO  +  3SiO>) 
+  2)A10s  -f-  3Si02).  aninrthic.  H  60  G  2-63  -  2  74.  Case  30.  Frac  conchoidal, 
nueren.  Tranaluoent.  Zut.  yitreoua.  Gb/.  greenish  white  and  gray,  red.  Sir. 
white.    B.  fiuible.    Kot  acted  on  by  acids. 

Foond  in  granite,  syenite,  gneiss,  porphyry,  and  basalt.  Norway,  Finland,  the  Ural, 
United  States,  the  Hartz,  Iceland.  The  oligocUse  from  Norway,  which  presents  a  play  of 
eoloors  produced  by  thin  plates  of  hematite,  is  called  avanturine  feUpar  and  tuMtone, 
DeriTes  its  name  from  0X1701  UttU,  and  kKbm  to  cleave, 

»oi»eUaii«prth.-(3A103  +  SiO«)  +  3(CaO  +  SiO*)  +  (NaO  +  3SiO«). 
pilamatic.  H  5*5  Q  2  65  ->  2*68.  Frae,  uneTen.  Translucent  on  the  edges.  Ztu. 
Titreous.  Chi  yellowish  and  grayish-white.  Brittle.  B.  fusible.  Decomposed  by 
concentrated  hydrochloric  acid. 

Found  in  felapar  and  granite.  Obemzell,  near  Passan.  Decompoeed  by  exposure  to 
the  air. 

LeiMlta. — Amphiffene,  Dodteah^ral  Zeolite^  Trapezoidal  Amphigene  Spar, — 
(KO  +  8iO«)  +  (A103  +  8Si02).  ouMo.  H  6-6  —  60  G  2-45 - 2-60.  Case  31.  Frac. 
conchoidal,  uneren.  fiemi-lransparent,  translucent.  Zue,  Titreous.  Col,  grayiah, 
yellowish,  and  reddish-white.  Brittle.  B.  infusible.  In  powder  decomposed  by 
hydrochlorio  acid« 

*  Found  in  htrs,  trachyte,  and  dolerite.  Italy  and  the  Rhine.  Millstones  formed  of  lava 
in  which  leucite  was  imbedded,  hare  been  found  at  Pompeii.  It  deriyes  its^  name  from 
Actfjcof ,  whitef    It  has  been  called  the  white  garnet 

8podiUBMie«— IHpAane,  TrUmatic  Triphans  Spar. — ^A  silicate  of  alumina. — 
OMl^ue.  H  6-5  —  7*0  G  8-07  ^  3-20.  Case  31.  ,Frae.  uneven,  splintery.  Trans- 
lucent on  the  edges.  Lut.  vitreous.  CoL  greenish-white  and  gray.  Sir,  white. 
B.  fusible.    Not  acted  on  by  acids. 

Found  in  gneiss  and  granite.  Uto,  the  Tyrol,  Ireland ,  Scotland,  Massachusetts.  Named 
from  owoSos  aehee,  becauae  it  becomes  ashy  before  the  blowpipe. 

9%iMXLtt,^-Fri*matie  Fetaline  Spar,  Cattor.-^A  silicate  of  alumina.  H  60  —  65 
6  2-38  —  2*43.  Case  31.  Frae,  imperfect,  conchoidal.  Translucent.  Lus,  Titreous. 
Col.  white,  green,  red.    Str.  white.    Brittle.    B.  fusible.    Not  decomposed  by  acids. 

Found  in  masses  and  in  granite.  Uttf,  Msasachuaetta,  Ontario,  Elba.  It  waa  in  the 
aaalyais  of^thia  mineral  that  Uthia  was  first  discoyered. 

Dawyntt* — J>o9yiie  Kouphone  Spar^  CanerimUy  Cavolmtto. — ▲  silicate  of  alumina^ 
Mda,  and  lime.  miioaabohsAzml.  H  5-5  G  2-42  -~  2-46.  Case  31.  Firae,  con- 
choidal. Translucent.  Lue.  vitreous.  Col  colourless,  white,  roee-red.  B.  fruiUe. 
Soluble  in  hydrochloric  acid,  leaTing  a  jelly  of  silica. 

Found  in  lava  and  miaseite.  Vesuyins,  Maine,  the  Urol.  Named  in  honour  of  Sir 
Humphrey  Dayy. 


Digitized  by  LjOOQIC 


S92 


BILICATES. 


Hapbeline.— .^AomdoAofra;  Felspar,  lOktmhohsiral  MSsim  Bpar^  FhmUU,  I 
(4  R  0  +  3  Si  0>)  +  2  (2  Al  O'  +  a  Si  0"),  wkere  R  ia  Ka,  K,  «id  G«. 
beOxal.  H  6  6  -  60  G  258  ~  2*64.  Case  31.  Jhrae.  condtotdal,  imeraa.  Tnw- 
parent,  feebly  tnoalaoent  Lut.  TitreeoB.  Col,  celonzlen,  greeniah-gny,  Uuah- 
green,  flesh-red.  Sir.  wMtd,  Brittle.  B.fosible.  Decomposed  by  h/drochlorio  «cid, 
leaying  a  jelly  of  tilic  a. 

Fotmd  in  baaalt,  dolerite,  and  syenite.  VesnTios,  Rome,  Heidelberg,  Heesia,  Saouxny, 
Korwaj,  the  UnL  Derives  its  name  fix>m  yt^kn  «  cloud,  from  the  nebalona  i^tpeannee 
—mined  when  fragmeiits  are  thrown  into  nitric  acid. 

SoapoUte.— -IfMont^  Dypyre,  Witmerite^  TerwiUf  JParanihine  Blam  apaty  GUmco- 
HUf  Ektbergite,  Telraklant^  Nutlallite,  Strop anomte.—iZ  Ca  0  +  2  Si  0«)  +  2  (Al  0» 
+  6i  O^).  pynmkUL  H  6-0  ^  6-6  a  Ml  —  2*78.  Oase  31.  Bve,  conchoidaL 
Translucent,  opaqae.  Zua.  yitreous.  Col,  eolonrless,  irhite,  gray,  green,  red.  Sir- 
white.    Brittle.    B.  fusible.    Decomposed  when  in  powder  by  hydrochloric  aoid. 

Found  in  limestone  and  in  iron  mines.  Yesurius,  Norway,  Sweden,  Finland,  Moravia, 
Greenland,  France,  and  North  America.    The  name  meiontte  is  applied  to  the 


tUpyf.Schmelzttem.- 
Scratches  glass.    Case  31. 
fusible. 


4  (RO  +  Si  0')  +  3  (Al«  03  4-  Si  0«).     G  2-64«. 
Transparent,  translucent    OoL  whidsh  or  jreddish.    B. 


Found  in  hexagonal  prisms  with  talc  or  chlorite  in  the  Pyrenees. 

nhjwoomt.-^Empyrodoxau8  Fsl0par.—(SiO  +  Si  0^)  +  (Al  0^  +  2  6i  <)>), 
where  R  is  Na.  K,  and  Ga.  oblique.  H  6*0  G  2*57— 2*62.  J^Vtfc.  ooncfamdi], 
transparent,  translucent.  Zut.  vitreous,  (hi.  colourleasi  white,  grayish,  yellowidi, 
Str,  white.    Very  brittle.    B.  fusible.    Decomposed  by  hydrochloric  add. 

Found  in  lava  and  volcanic  matter.    Vesuvius,  EiiEs],  Laach.    Derives  its  namo'i 
pva^t  a  lava  ttrtam, 

Xrtttzobite.— i)t>/bt/0.— A  silicate  of  ihimi&a«  MMtliic.    H  «-0  •-  61K  O  I 
2*722.    Case  31.    B^ae.  uneven,  translaoent   Jmm.  vitreous.    Cok  pale  xad. 
Found  with  Cslspar,  mica,  and  caleite.    Amitok,  near  Labrador. 


WttiutAtt^^JMttaksdrtl  ^mpk^en4  Spar^  jr«%»i.^^  byiiroailiflkld  (^  i 
soda,  and  lime,  cubic.  H5-6  G  2-373  —  2*377.  Oase  91.  J»ad,  tat  oamWiiiil, 
tvaarincoai  on  the  edges.  Zns.  neinoas.  Obk  dark  bluiah-giay,  laofce  fi«y^ih>^yay. 
B.  fusible.    Decomposed  by  hydrochloric  itid,  leanB^  ^i^7  ^  uUmu 

Found  in  basslt.    The  Kichberg  Baden. 

b.'^ikimktthal  Xampktm  ^mt.-^A  officate   of  Kme   Md   ilnaitt. 
H  6-0  G  2'54d.   Firae^  coaehoidal,  oeml-tmispanat,  tnttilaotfit.    Mm, 
vitreous.    Cb/.  flMh-^ned,  white.    Very  taittfte.    B.  fiuible. 
A  rare  mineral,  found  at  Vesuvine. 


mbtim.'-OWqm  Mieoj  Bmtrial  Jfibo,  PUtth  Jftoi,  ffmiprhimtit  fkOk  9Mmmm.f  Mm- 
BSiiV^.-^-A  silicate  of  alanina.  cbHqi&c.  JL  2*5  O  S*ft -«  aU  Case  Oil.  jHisaaQa- 
tibitdaL  Transparent.  G$l.  ct^ouiiess,  white,  Tarions  shades  of  gray,  .Inowny.  gnto, 
black.     iS^.  white,  gray.     Sectile.     B.  ftiiible.    1^  deoompoaed  by  asida. 

An  essential  oonstitaent  of  granite,  gneiss,  and  miea  slate ;  foand  also  ia  veina  and- cavi- 
ties in  porphyry,  basalt,  dolomite,  limestone  and  lava.     Vesnrius,  Siberia,  Finland^  Oic«b> 
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luid,  TTBlted  Bla«efl,  Nonray.  OiBoasioiudty  fbimA  ift  ^  fllags  of  AuiiMes.  In  BilMaiA  thin 
fekeete  of  mtoft  ara  oMd  for  glazing  windowB,  ▼hmoe  it  has  been  caUed  litu&ooy  $Uub.  It  is 
dxfiaihle  into  pktteathe  m^nny^  P^v^  o'  ^  i>Bch  in  thiokneaa. 

Wtf^Hjtt^^EMog&ml  Mittt^  Unuutial  Mica,  Ma^fM  Mica,  MMtan,  MomboMhf^l 
Talk  Olimmer,  Meroxen,^{Z  R  0  +  2  8i  0^)  +  (Al  O^  +  Si 0^)  where  R  ia  Mg,  K,  and 
Fe.  »kon%»lMftdtml.  H  20 --  2*5  G  2*78 --  2-95.  Case  32.  IVMupHKbt,  tnns- 
liiccilit  Lua.  metallic.  Col.  daik  green,  brown,  rerging  into  black.  8tr*  "wliite,  pale 
greenish  gray.  Sectile.  Thin  leaTes.  Elastic.  B.  fusible  with  difficulty.  Decom- 
poaed  by  sulphuric  acdd. 

Found  in  igranite  and  cblOTite  slate.  The  Ural,  New  Jersey,  Oreenland,  Veaatfns, 
SilMia. 

Iiepidollte.— Zt'Mta  JBca^  ZithmiUy  Metniprismatie  Talk  OUmmr.-^K  silicate  of 
alumina,  oblique.  H  20  —  3*0.  Q  2*8  —  3'0.  Case  32.  Frae. conchoidal.  Trans- 
pannt,  ttaaslucent  on  the  edges.  Lw,  pearly,  inclining  to  adamantine,  titreous. 
Col,  white,  green,  gray,  red,  violet  8tr.  white.  In  thin  leayas,  elastic.  ,  B.  fusible. 
Acted  on  by  acida. 

Occurs  princifially  in  grsnite.  [Morayia,  Saxony,  the  Ural,  Maine,  Connecticnt,  Bohemia. 
SsBony  and  Cornwall. 

"  Wicl&tl«ita.--A  silicate  of  alumina  and  iron.      G  3-03.    Frac  imperfect,  con- 
dboidal.    Lub.  dull.     Col  black.    Magnetic. 
Found  at  Wichtis,  in  Finland.  * 

r  CHaucophaiie — ^A  silicate  of  alamhut  and  iron.  H  6-6  G  3'103  -—  3*113.  '  J^nte. 
concboidal.  Translueant,  nearly  opaqae.  Lut,  Titreous.  CoL  bluish«gray.  Sit,  the 
aame.    Magnetic  in  powder.    B.  fasible.    Imperfectly  deoompoaed  by  acids. 

Found  in  mica  slate  in  the  Island  of  Sjra.  Derives  its  name  finam  yXmmos  hUtUkc^r^y, 
«nd  ^aum  to  uppotw. 

WUat^uilbtw''~JB5nmpfimimt%e  Ferl  Olmm$ry  Smer^UU,  CorumhUU$,  CUn^tmrniU,*^ 
A  mlieate  of  alumina,   oblituo.    H  3*5  ^  4*5  G  30  —  31.    I^ae.  conchoidal. 
Semi-transparent,  trassluceat.     Zm.  pearly,  TitreoiBs.     0ol.  reddish*>  and  greeaiak- 
wUtev  pearl  ^my.    Sir,  white.    Rather  brittle.    B.  fusible.    Acted  on  by  acids. 
».    Sbandiai  the  Tjtol  with  ohterite.    United  fltates,  Aaia  MiMSfv  tka  Unl. 

&epiAom«laae.--(R2  0^  -f  Si 0^)  +  (R^  -f  Si  0^.  H  30  G 3*0.  Opaijite. 
iMt.  Titreous.  Cbl.  black.  8tr,  green.  Rather  brittle.  B.  fumble.  Easily  daoom- 
posed  by  hydrochloric  acid. 

FbuM  at  IVfshcig,  ht  Sweden.  l>eitv«e  its  name  ftom  its  cnienr  and  atrutCne,  9mris  a 
tettUy  and  ftcAof  black, 

Talc-^lVbma/tV  Talk  Glimmer y  PoUtone,  SoapsUue,  8ieatiie,^^VigO  -f-  561 0^  + 
2H0.  vtioBailie?  H  10  -  15  G  2*6  —  2  8.  Case  32.  ^lur.  splintery,  lut. 
pearly,  more  or  less  translucent.  Cbl.  blue,  green-gray  by  transmitted,  and  ailTW^whttc 
by  Mflected,  light  Sir,  wliite.  Thin  k«ves  flexible  but  not  eiMliC)  «iotwM»  to  the 
toucb.    B.  fusible  with  great  difficulty.    Not  acted  on  by  acids. 

Occurs  alone  as  talk  •slate,  and  is  a  constituent  of  some  granular  rocks.  The  Tyrol,  St. 
Gotthard,  Sweden,  Bavaria,  Siberia,  Scotland,  Saxony,  Bohemia,  United  States,  Oreenlsnd. 
Pot'9tone,  or  idpt*  oUmrit^  is  a  coarse  and  itidistinctly  granular  variety,  whieh,  ttvm  its  soft- 
«Baa  and  tena^^,  may  be  Madily  turned.  It  is  used  for  the  mannlhctnre  of  oooking  utsniiils 
and  other  vessels,  for  fire  stones  in  fdmaces,  in  powder  for  diminiahing  frktion.  in 
machinery,  and  for  removing  oil  stains  from  cloth. 
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OhlAiito.— ra£t  ChloHt$,  JUpidoHih,  Prismatic  Talk  OHmmer.—'lL  hydiosQioate  of 
alumina  and  magnesia,  thmahohm&nlm  H  1-0  —  1*6  G  2*78  —  2-96.  Caae  32. 
Transpazent,  tzansluoent  Lut.  pearly.  CM,  green,  blue,  red.  Sir.  green.  In  thin 
leayee,  flexible ;  not  elastic.  B.  f tuible  on  the  edges.  Decomposed  b j  strong  snlpkaric 
acid. 

Found  in  granite,  gneiss,  diabase,  and  slaty  rocks.  The  Ursl,  Norway,  Sweden, 
Switzerland,  the  Tyrol,  Saxony,  Cornwall,  Arran,  Bate.    Derives  its  name  from  x^o^P^i 


H  10  O  2-785. 
B.  fiiaible  ^th 


Upldollter— Cft/iorife,  Ftismatic  Talk  Olinmsry  Kdmmenriiej  Zeuehtenbergiie,  JPem- 
m'fM,  Sodaehrome,-^^  hydrosilicate  of  alumina  and  magnesia.  Bhoaababedml , 
H  2*0  —  30  G  2-615  —  2'774.  Case  82.  Semi-transparent,  translucent  Zns.  vi- 
treous. OoL  green,  yiolet.  8tr.  white.  In  thin  leaves,  flezible,  but  not  elastic. 
B.  fusible  on  the  edges.    Decomposed  by  hot  sulphuric  acid. 

Found  in  beds  and  Teins  in  crystalline  rocks.  The  Tyrol,  Piedmont,  the  Ural,  Silesia, 
the  Pyrenees,  Norway,  Siberia,  St}Tia,  Baltimore.  The  violet  varieties  sre  called  kammer- 
erite.     Its  name  is  derived  from  pans  a  fan, 

Logaaite.— A  hydrosilicate  of  alumina  and  magnesia.  Vitsmatle;  H  3*0 
G  2*60  —  2*64.  Frae,  uneven.  Subtranslucent.  Iau,  vitreous.  CoL  brown.  8tr. 
grayish-white.    B.  infusible.    Partly  decomposed  by  acids. 

Found  in  limestone  at  Ottawa  in  Canada. 

PyxophiUite.— 2  (Al^  0^  -f  3  Si  O^)  +  3  H  0  pxUmatio. 
Case  32.  Translucent  Lm,  pearly.  Ool.  green,  white.  8tr,  white, 
dii&culty.    Partially  decomposed  by  sulphuric  acid. 

Found  in  granite.    The  Ural,  Belgium,  the  Brazils,  United  SUtes. 

Anphlbole. — SomhUnde^  Hemipriamatic  Augit9  Spar,  Smaroffdite,  DremoKie, 
ActinoliUy  Aibeitos,  StraMttein,  RaphiUte,  CummifigUmite.--Z  (R  0  +  S  O^  +  (2  &  0 
-I-  S  0%  where  R  is  Mg,  Ca,  and  Fe.  oblique.  H  5*0  -  6*0  G  2*90  —  3-40. 
Cases  33  and  34.  Frae,  imperfect,  conchoidal.  Slightly  translucent,  opaque.  Lot, 
vitreous.  Coi,  colourless,  white,  green,  brown,  yellow,  gray,  black.  Sir.  grayish-white, 
brown.    Brittle.    B.  fusible.    Slightly  soluble  in  hydrochloric  acid. 

Oromma/s/e.— The  white,  green,  gray,  semi-transparent,  and  transluoent  varieties,  fouid 
in  granular  limestone,  granite,  and  marble.  St  Gotthurdt,  Transylvania,  Bohemia,  the 
Tyrol,  Sweden,  France,  the  Banat,  Massachusetts,  Aberdeenshire,  lona. 

AciinoU. — ^The  greenish  varieties,  found  in  beds  of  iron  ore.  Saxony,  Bohemia,  Norway, 
Sweden,  the  Tyrol,  Styria,  Moravia. 

Jfi/AopAytft7e.— Found  in  Norway,  Greenland,  and  United  States. 

Mountain  Wood^  Mountain  Cork,  &c.,  are  fibrous  varieties.  Found  in  the  Tyrol,  Saxony, 
Bohemia,  Sweden,  Switzerland,  Spain,  the  United  States,  Scotland. 

AsbeitoSj  or  Amianthut. — ^A  variety  in  flexible  slender  fibres.  Corsica,. Piedmont,  Savoj, 
Saltzburg,  the  Tyrol,  Dauphin^  Hungary,  Silesia,  United  States,  Comwsll,  Aberdeenshire. 
(oo-jBcirros,  uneontumdble).  The  ancients  wove  tiiis  substance  into  doth,  which  could  be 
purified  by  burning. 

Common  Homblende.-~ln  dark  green  or  black  crystals,  found  in  beds  of  iron  ore.  N<Nrway, 
Sweden,  Finland,  Saxony,  Bohemia,  the  Tyrol,  Carinthia. 

Basaltie  HonibUnde. — Black  opaque  crystals,  embedded  in  basaltic  rocks.  Bohemia  and 
Spkin. 

Pazgasite.— J7()ni3i^fu2f.— ObUque,  H  5*0  -  60  G  3-07  -  3-08.  Case  33. 
Frae.  conchoidaL  Translucent.  Lua,  vitreous.  Col.  bluish-green.  Sir.  white. 
B.  fusible. 

Found  in  limestone  at  Parc^as  in  Finland. 
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Mftflonlte. — CMoriU  Spar^  CkUniUnd^  BwytophgUiU. — A  hydroolieate  of  alumina 
and  iron.  H  5-5  —  6*0  G  3*45  —  3*55.  Case  33.  Tranaluoent  in  thin  leaTes.  Lua. 
peazlj.  CW.  blaokish-green.  Sir.  greeniah-wlute.  Brittle.  B.  fusible  on  the  edges. 
Not  acted  on  by  adds. 

Found  in  ehlonte  slate.    Siberia,  Rhode  Island,  the  Tyrol,  the  Ural. 

'         Atfradsoidte.— Pertfomottf  Au^  8pttr,  ^irme. — Obliquo.    H  6*0    O  3*328 

—  3*44.    Case  33.    Frac.  imperfect,  conchoidal.    Opaque.    Lu$.  yitreoui.    Col.  black. 
Sir.  green.    B.  Aisible. 

Found  in  slate  rock  and  beds  of  iron  ore.    Greenland,  Norway,  Arendal. 

Kzokjdolite. — Blue  Aihettot.^k  hydrosilicate  of  iron.     H  4*0  —  4*5    G  3*2 

—  3'8.   Case  34.    Delicate  fibres  like  asbestos.   Translucent.   Lu$.  silky.    Col,  indigo- 
blue.    Tough,  elastic,  flexible.    B.  fusible.    Not  acted  on  by  acids. 

I         Found  in  syenite  and  quartz.    South  Africa,  Norway,  Greenland,  Ssltzbnrg.    Derives  its 
j  name  from  xpojcvs  a  Jlock  qf  wool^  on  account  of  the  slender  threads  into  which  it  is 
dirisable. 

Aiasiie^ — fy^exme,  Dtopside,  Amianiky  Maiacolithy  ParaiomouSf  AttgiU  Spar, 
Alalile,  BaihaUle,  JefenoniU,  OoeeoHte,  SahliU,  Omphazite,  Pyrgome^  FauUe. — (Ca  0  -{- 
Si  O^  +  (^  ^  +  Si  0^,  where  R  consists  essentially  of  Mg  and  Fe.  oblique, 
H  5*0  —  6*0  G  3*2  —  3*4.  Case  34.  Frae.  conchoidal,  uneren.  Transparent,  opaque. 
Lus.  yitreous.  Col.  colourless,  white,  green,  gray,  black.  Str.  white,  gray.  Brittle. 
I  B.  fusible.    Slightly  affected  by  acids. 

Found  in  basalt,  lava,  limestone,  meteoric  stones,  and  slag  of  iron  Aunaces.  Bohemia, 
France,  Vesurins,  Teneriffe,  Scotland,  Finland,  North  America,  Switzerland,  Sweden, 
Norway.  Can  be  formed  artificially  by  fasing  silica,  lime,  and  magnesia  in  the  right  pro- 
portions. Some  of  the  transparent  yarieties,  when  cut  and  polished,  form  handsome  orna- 
mental stones,  of  colours  varying  from  the  emerald  to  the  yellow  topas. 

Bypentliane.'-PaM/t^,  Pritmaioidal  Schiller  Spar,  Labrador  Somhlende,  Diallage 
ir#ta22M&.— RO+SiO*,whereRisMgandFe.  obUque.  H  60  G  3*39.  Case 34. 
Frae.  uneren,  opaque,  translucent  on  the  edges.  Liu.  pearly-vitreous.  CoL  grayish 
or  greenish  black.    Sir.  greenish  gray.    B.  fusible.    Insoluble  in  acids. 

Found  imbedded  in  a  greenstone  rock,  also  associated  with  Labrador  felspar.  Labrador. 
Greenland,  Norway,  Skye,  Saxony,  Bohemia,  the  Tyrol,  Sweden,  Silesia,  Berlin.  Dis* 
tingnished  from  bronzite  by  its  cleavage.  Cut  and  polished  it  presents  a  beautiful  red  colour 
and  pearly  lustre. 

BlalUge.— P/-Mma<»0  SchUUr  Spar,  JDtaiomoui  SehiBer  /fi^jpor.— Oblique,  H  4*0 
G  3-2  —  3*3.  Case  34.  iVotf.  uneven.  Opaque.  Lut.  pearly  or  silky.  0[>l  gray, 
greenish,  brown.    Str.  white.    B.  fusible.    Lasoluble  in  acids. 

Found  with  amphibole.    The  Hartz,  Silesia,  Apennines,  the  Ursl. 

Ilw«tU.^Lie9rt^  TettiU,  Fer  Cahario  SUieeux^  IHprimatic  Iron  ar#.^(Fe*  Cfi  + 
Si  0>)  -i-  2  (R2  0  +  Si  0^,  where  R  is  Ca  and  Fe.  piinnatio.  H  5'5  -  6*0 
G  3-989  —  4*015.  Case  84.  Frae.  imperfect  oonohoidaL  Opaque.  Lite,  imperfect 
metallic.  Qtl.  black,  inclining  to  gray,  brown,  and  green.  Sir.  black.  Brittle. 
B.  fusible.    Decomposed  by  warm  hydrochloric  acid,  leaving  a  jelly  of  silica. 

Found  imbedded  in  augite  in  Elba,  Norway,  Silesia,  Moravia,  Siberia,  Greenland. 

AsadiU^Pmviomoue  Angiie  4mn-^2  Fe^  0>  +  3  Si  0*)  +  2  (Na  0  +  Si  O^}. 
oUlqiM-    H  6*0  —  6*5    G  3*53  —  3*55.    Case  34.     FSrac.  imperfect  oonohoidal. 
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gray.    B.  taiMb.    PaitiaUy:  deoompeieA  by  hydrocUoiio  mad  BuisfkmD^uidB. 

Found  in  gnuute  and  syvnito.  Norway.  A  aeane  mine«at  Z>»iiv«»  its  nam*  .Mk 
flutfiii,  a  poin/,  on  accoont  of  the  ibrm  of  its  crystals,  some  of  ▼hioK  lunar  lMtftft>ftuk»  feat 
in  length. 

ll^|i0%»i^iWnMMW   Ai^iU  4»^»  PMtfOtr   2MK^.  TPfOMM^  Jhrndean, 

2  (E*  0»  +  Si  0«),  where  R»  is  Al,  Fe»,  or  Mn».  obUque.  lSLfy&  G  30  -  3«l 
Case  35.  Frae.  imeyen^  aemi-tnuupareat  Lm,  Titreons^  CoL  green,  yellov,  brovn, 
red,  blAck.  Str.  gray.  Brittle.  B.  fusible.  Decomposed  by  hydrochloric  acid, 
leaving  a  jelly  of  siHea. 

"  Occurs  in  granite,  syenite,  trap,  porphyry,  and  slate  rocks.  Norway,  Swedea,  the 
Alps,  Dauphine,  the  Ural,  Pyrenees,  Bohemia,  Finland,  Greenland,  Norway; 

»alrtU.  .QMI^ii^.  Oaae  35.  Im,  Titreoos.  Cdi.  giayiah-whiAe,  yellowiah- 
gray,  brown,  green.    B.  fusible. 

Found  in  Carinthia,  the  Tyrol,  Saltzbnzg,  JBayrenth,  BavaHa,  the  UraL 

•QHM(^rtiltto.-viaA'iito,  SumMdtUUH  Zicrtta.— 2  (3  BO  -^  2  Si  Q)>  -f 
(B'O^  +  SiO*),  whetoR  is  Ga,  Mg»  Na»  and  K,  «nd  E' is  Al  and  Fe'.  lynmUkil 
H  6^0  -*-  5*5  Q  2*9^  —  3*10i.  Caa»  36.  Frtta,  conchoidal,  uaeTe»,  «eaii-tn»spw«nt 
Oltaiqpie.  Lm.  yitiaoua.  OoL  white,  gfaes»  yeUow,  brawik.  3ttf.  wiite.  B.  luaihla 
Decompoaed  by  hydrochloric  acid,  leaying  a  jelly  of  ailiaa. 

Fooad  with  ealoko  and  in  lava.    SfoaieSoramaaBdCapadiBoviai 

Bmm^d^^kkOkr  Spar,  MiiaUoid  Dudkgi^'-i  (£0  +  Si  0*)  +  (Mgo  +  4H0} 
wta»  B  ia  Mg,  Ga  and  Fe.  H  3*6  -*4a  G  2-&2-8.  Case  86.  /Vm.  naaiaii. 
Translucent.  Xim.  pearly.  CW.  gieaa,  brown,  yeMow.  Sit.  grutiifehnwlrita,  B. 
fuaibk  o^  the  edgea.    Deoomposed  by  sulphwio  add. 

Fraud  In  the  enphotide  of  th^H«te. 

atfMBCtoaito.-uto«Miotis  AugiU  Bpar^-^-vmoMilkk,  H  5*a>^6-0(.  G  3'3M 
—  3*406.  Gase  85.  JWm.  imperfect,  ccaehoidat.  Lata  TiAreova.  M.  bladb  Ar. 
gieeBi8hp^;ray.    Brittie.    B.  fiiaibla    Deeeiapcaiad  by  boiUny  lyjdfoohtogw  tiid> 

FoittA  i»  magnetite,  ^uacta,  fiekpar,  and  prehnite.  Norway,  Shetland.  Nfew.  York, 
Massachnsetts. 

(3CaO  +  2SiO;»}  +  (AlOs  +  SiO>).  yyianiidAL  H  6  o  G  3-35  ~  3-45.  Caae35. 
i^00.  imperfect  conchoidaL  Tranaparent,  traoalucent  Zitf.  Titreous.  CbL  green, 
yellow,  brown,  black.  Sir,  irhite.  B.  fuaiblsK  loperiectly  decQmpoaod  by  hydro- 
chloric acid. 

Found  in  dolomite,"  serpentine,  'and  liteeatone.  The  Ural,  St.  G<$tlhardt,  Nbeway, 
Bohemia,  Sweden,  Fbibad,  the  Pyrenees,  Saiony,  Ireland^  Spain,  North.  Ametica.  At 
Naplaa  and  Twin  eanamsnta  aM  fonaed  of  iAaanae,  wUch  .lakes  a.goofit  potta^  aa4  art 
aoU  under  ifeia  denowdnatiea  of  hjiMintl^  eqnplite^  4fe. 

VwtaHmliU.-^Chfwn^  imd  Lm»  €Wrfwtf.— (SOaO  +  2SSC«>  4.  (OHO^-f  8iO>}L 
mU04  nr9-^9ih  ^3^18.  GMM39i  #Vm  i&ipevAM^  eeMMMi  Tiwa- 
luoenk    Xto.  vilracnv;    Cot,  emfrald-graeB*    iSlK 

FmndiitlMUMI^ 
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when  B  k  Ga,  Kg,  Fe;  tad  B^  ii  Al,  F6».  mUo.  H  6*5  -  7*9  G  81  -  4-9. 
OUn  M.  FiHu,  ooneheidftL  IteM^weirty  opaqoe.  Zict.  Titreoos.  Cb£  red,  brown, 
TiAodr,  idiita,  greeB,  black.  <SRN*."wfaite,  graj.  B.  fustble.  Soluble  ioiperfeotlj  in 
bjdrocihloiic  acid. 

~  jaa«MitM,  the  ttaiispareat  red  g«ynet,  iSoond  in  iand,  aUmnal  scwl,  «ni  gneiaa.  Pagn,. 
,  Otffiaak,  H&dostati,  Brajdls, 

C&mmen  QawH,  foimd  in  Sazonji  Karvaji  Swad«A,  Fintod,  Hang«7)  Stina,  the  Xjqpal.. 
HcnrKTla,  Silesia,  Siberia. 

Calophonite,  granular  brown  garnet.    Arendal  and  North  America. 

Otmmfnr  Qitnttt  and  P»ina<w<*>  a  ligb^pcf aa  Tarialy.    Kaataohatka, 

Jfctaattr,  black  gBzae*.    VestKnaa.  Borne,  Norway,  the  Pyiaaaea. 

Topaxoiile,  honey-yellow  garnet.    Piedmont. 

E$$onUe  or  CmnasMm  i5<0ii«,  BomanosoviUy  reddish-yeUow  g»met.  Ceylon,  £0pt, 
Kiiland,  Pxedmest. 

Vyrvpty  dark-red  rariety  of  garnet.    Saxony,  Bohemia,  Ceylon. 

When  tke  gmtt  ia  ol  a  nch  eolowrand free  Iron  flawa,  it  fogrns  a  vahiabla gan;  it  tnay 
be  distingniahed  ftom  coraadiua  or  apijiel  by  its  coloar  being  duller.  Coane  gapaeta 
redneed  to  a  fine  powder,  are  used  instead  of  emery  for  poliahing  laetala. ,' 

^neMBtaite^-^^^^frO^  PynmiM  Miof^M  Sp0i\^{Z  CaO  +  SiO^  -f  (AlO* 
+  SiO^).  pyiamidU.  H  5*5  -  60  G  299  -  310.  Case  86.  ^Voa  impeafeoi 
oonchoidaL  Translucent  on  tbe  edges.  lau,  resiiious.  Chk  gray)  brown,  green. 
Sir,  white.  B.  fusible  with  great  diftculty.  Decomposed  by  warm  hydrocdtlorie  acid» 
IsaTing  a  jelly  of  silica. 

Found  imbedded  in  calcite,  near  Vigo;  also  in  the  slags  of  iron  furnacea. 

3  Si  0>>  +  2  (Mg  0  +  Si  O^}.  fxinKttUo.  H  7*0  ^  7*6  G  2-600  ^  9*718; 
Case  36.  I^ac,  conchoidal.  Transparent.  Iau,  ritreous.  Ccl.  bhis^  indiadi^  t^^SV^Il 
orUack.    ^.  white.    B^fuaiblaontha  edges.    Imparfeatly  daic—poaad  by  tM^ 

Found  in  gstiaa.  Spain,  B«rana,  Finland^  Norway,  Sweden,  OKenland,  Siberia,  North 
America;  Ceylon.  Piuke,  OieseekiU,  0<t§iU,  KiUiniU,  FaklmMe^  Triela»uU,  BmtiaifiUe, 
£raiarlcito,  AspatioliUy  PymrgyUiUy  ChlorophylliU^  GigantoliU,  PraaeoliU,  Ihtrite,  Wtimiltt 
are  supposed  to  be  Cardierite^  more  or  less  changed  by  decomposition.  A  transparent 
Taaiely  from  Ceykm,  of  aa  inasase  blue  eokna^  ia  oalled  Sopphin  tPeau ;  it  is  inferior  in  hazd* 
neas  and  lustre  to  the  sapphire,  and  its  specific  grarity  ia  less. 

Soi«awaUte.^Ma8Biye.  H  40 _ 4d  G  2  56  —  262.  Oasa 36. .  I'rac.etx^ 
choidaL  Opaque.  Zitf.  resinous..  CoL  black,  brown,  gi^oen.  Sir.  brown*  Brittle. 
B.  fusible.    Imperfectly  deeompoaed  by  a^ida. 

FoRud  at  Sordawla  in  Finland. 

Biagati«iiite«-MUl««-    H  6-8    G4-11A.    JAwmaevaB. .  Opa^pie.    Lm^yi^ 
tNooa.    CM.  blacK    Sir.  daife  brown.    B.  fuaiblai 
Found  at  Slatoust  in  the  Ural.* 

l»wW«gi<tt^^i»itow*V>i^iy»<a  Sfm:—(Z  FaO  4. 2  81 0')  4-  2  <F6^  O*  +  Si  Q»> 
irWTlMi  H  6*0  G  3365.  Case. 36:..  iVa^unewii,  Op«|i%».  Zfw.  nto«WMk 
(hi.  dark  brown,  black.    Str.  gray.    B.  fusible. 

MmiA  ilk  yalcaaia  rocka  avd  gmite;.  Ar«ial»,I«Mk,  UHhtm^.  [Jktmjmtimkmnl, 
hsEfing  a  general  resemblance  to  aagiiftf' 
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BtM.TacUtt.—GretuUiUy  PrumaHe  Qarmt^  lirUmaioidal  GameL—U*  0*  +  8i  0> 
where  B  Ib  Al  and  2  Fe.  piianuUe.  H  7*0  — 7*5  G  3*52  — 3-79.  Case  31.  Roe. 
conchoidal,  unevexL  Translucent  Xwr.  yitreona,  inclinihg  to  reamoiu.  Cb/.  redduli- 
brown,  blaokish-brown.  8tr.  wlute.  B.  nearly  infiuible.  Partially  deoompoaed  bjr 
aulpboric  acid. 

Found  in  mica,  talc,  or  clay  slate,  rarely  in  gneiss.  St  Gotthardt,  Trans^Tania,  Moia- 
yia,  Spain,  Var,  Hebrides,  Aberdeenshire,  the  Ural,  New  England.  The  crystala  of  this 
minenl  are  sometimes  curiously  associated  with  those  of  Kyanite,  the  crystala  of  the  two 
substances  being  disposed  sometimes  parallel,  as  if  forming  one  crystal,  and  sometimes  at 
right  angles  to  the  ads.    Named  from  oreivpos  a  erou, 

aLurp]iolito.~A  hydroailicate  of  manganese.  H  5*0  •—  5*5  G  2-935.  Case  36. 
Feebly  translucent  Opaque.  Zttt.  vitreous.  CM.  yellow.  Sir,  white.  B.  fusible. 
Scarcely  acted  on  by  hydrochloric  acid. 

Found  in  acieular  and  capillary  crystala  in  granite.  Bohemia.  Named  firom  aop^t, « 
9iraw,  on  account  of  its  colour. 

Eaiendd. — Ber^flj  Aguamariney  DavidtoniU,  Goshemte,  JHrhomhohtinc  Smantgd.— 
(Al  0»  +  3  Si  0«)  H-  3  (G  0  +  Si  0«).  rliombohediml.  H  7*5  -  80  G  267  -  275. 
Case  37.  Frac.  conchoidal,  uneven.  Transparent,  translucent.  Zm».  vitreous. 
OoL  gieen  in  the  emerald,  colourless  blue,  yellow  and  red  for  the  beryl.  Sfr.  white. 
B.  fusible  on  the  edges. 

The  Emerald  is  found  in  Peru,  Egypt,  Siberia,  and  Norway. 

The  Berylj  or  aguamaritiet  in  Saxony,  Bohemia,  Bavaria,  Elba,  France,  Norway,  Sweden, 
Finland,  Siberia,  North  America,  Brazils,  Inland,  and  Aberdeenshire.  The  emerald  is 
most  valuable  as  a  gem. 

muQUM^—Prismatic  8maragd.^[Al  0^  +  3  Si  0^)  +  6  (2  G  0  +  Si  O^. 
Obllqiio.  H  7*5  G  3*0  —  3*1.  Case  37.  ^*a(;.  conchoidal.  Transparent,  semi- 
transparent.  ZfM.  vitreous.  Ool.  green,  yellow,  blue,  very  pale.  Sir.  white.  B.  fusible. 
Not  acted  on  by  acids. 

A  rare  mineral ;  found  in  chlorite  slate,  mica  and  fluor.  Brazih,  Connecticnt,  Pern. 
Derives  its  name  from  ev  easily ^  and  hcAom  to  breaks  on  account  of  its  brittleneas. 

Phenakito.  —  iZAomdofteiro/  8maragd,  —  2  G  0  -|-  Si  0<.  rhombohednl. 
H  7'5  —  8-0  G  2-96  —  30.  Case  37.  Frae,  conchoidal,  uneven.  Transparent, 
translucent  Lut,  vitreous.  Coil,  colourless,  yellow,  brown.  B.  Infusible.  InaoLubLc 
in  acids. 

Found  with  iron  ore,  emerald,  green  felspar,  and  topaz.  Alsace  and  Siberia.  Derivet 
its  name  from  ^cya(  a  deceiver,  on  account  of  its  having  been  mistaken  for  quartz. 

Helwln.— r#froA«fra;  Gamet.—Z  (2  BO  +  Si  O*)  +  Mn  S  where  B  is  Fe,  Mn, 
and  G.  cubic.  H  6*0  —  6-5  G  3*1  —  3*3.  Case  37.  Frae,  uneven.  Translucent 
on  the  edges.  Im,  vitreous.  Ool,  brown,  yellow,  green.  Sir.  white.  Brittle. 
B.  fusible.    Decomposed  by  hydrochloric  acid  leaving  a  jdly  of  silica. 

A  very  rare  mineral ;  found  in  gneiss.  Saxony,  Norway,  and  Bavaria.  Named  from 
^Ktos  the  sun,  on  account  of  its  yellow  colour. 

Oadolonito.— irmt9>rwma^M  Ifekm$  ore,  TtterHie,  piiflmAtic.  H  6*5  G  4*2  — 
4*4.  Case  37.  I^ae,  conchoidal,  uneven.  Opaque.  Lue,  vitreouit.  CoL  black,  sel- 
dom red.  Sir,  greeniah-gray.  B.  infusible.  Decomposed  by  hydrochloric  acid, 
leaving  a  jelly  of  silica. 

Found  in  granite,  gneiss,  syenite*  and  trap.  Stockholm,  Fahlan,  Ceylon,  Gahray  in 
Irelsnd.    Yttria  was  first  discovered  by  Gadolin  in  thia  ore. 
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Allmnito. — OrihiU,  Oerintf  Bagrattonite,  Urahrthite,  Xanthortite,  Pyrorthiie,  Black 
Sduetntt  Oxide  of  Curium,  Tttarto  Primnatie  Melane  Ore.^{Z  B  0  +  2  Si  0')  + 
(E^  0'  +  Si  0')  where  B  is  Ca,  Ce,  and  Fe,  and  B' is  Fe« or  AL  •bliqne.  H  60 
G  3*1  — 4*2.  Caae  38.  Frae,  conchoidal.  Opaque.  Lut,  imperfect,  metallic.  Col, 
black,  brown,  green.    Btr.  greenish  or  brownish-gray.    Brittle.    B.  fusible. 

Found  in  granite.    Greenland,  Norway,  Sweden,  the  Ural. 

TschefflOiilto.— H  5*3  G  4*508  —  4*549.  Caae  37.  J^ra«.  conchoidal.  Almost 
opaque.  Zmb.  yitreous.  CoL  black.  Sir.  brown.  B.  fusible.  Soluble  in  hydrochloric 
acid,  leaving  a  jelly  of  silica. 

Found  with  felspar  in  the  Bmen  mountains  near  Miask. 

^utSl^, —Oxide  of  Titanium,  Peritomoua  Titanitan  Ore,  Tiianechorly  Niffrine,  Gallici' 
niUy  SageniU,  CritpiU.—Ti  0*.  FTnunldal.  H  60  ~  6*5  G  4*22  —  4*30.  Case  37. 
Frae.  conchoidal,  uneyen.  Translucent,  opaque.  Lut.  adamantine.  CoL  reddish- 
brown,  red,  yellow,  black.  Sir,  very  light  brown.  B.  infusible.  Soluble  with  diffi- 
culty, when  powdned,  in  hot  concentrated  solphuzic  acid. 

In  veins  and  beds  with  quartz,  felspar,  and  in  alluvium.  Hungary,  Styria,  Norway,  the 
Tyrol,  Bohemia,  Switzerland,  Ceylon,  France,  Sibenaj  North  and  South  America,  Fife, 
Perthshire,  Shetland.    Used  in  painting  porcelain. 

AaMUMm.—F^ramidal  TUanium  Ore,  OctahedrUe,  Oitanite.-^Ti  OK  pjiamidal. 
H  6'5  —  6*0  G  3*83  —  3*93.  Case  37.  Frae,  conchoidal.  Semi-transparent,  trans- 
lucent. Lut.  adamantine.  Col.  blue,  black,  red,  yellow,  brown.  Sir,  white.  Brittle. 
B.  infusible.    Not  decomposed  by  acids. 

Found  in  granite  and  mica  slate.  Dauphine,  Switserland,  Cornwall,  Spain,  the  Ural, 
Norway,  Brazils.  The  crystals  firom  the  Brazils  resemble  the  diamond  so  much  in  colour 
and  general  appearance,  as  often  to  deceive  lapidaries  and  Mneral  dealers. 

Tjioeblmn.^Mioroiae,  Octahedral  TUanium  Ore.-^Ouhic.  H  5*3  —  6*5  G  419 
-  4*33.  Caae  37.  Frae.  conchoidal.  Opaque,  traaaluoent  on  the  edges.  Lut,  resinous. 
CoL  dark  brown.  Sir.  light  brown.  Bather  brittle.  B.  fusible.  Decomposed  in 
powder  by  concentrated  sulphuric  acid. 

Found  in  syenite  and  granite.    Norway,  the  Urol. 

SyheiM. — TUanite,  Brown  and  Tellota  Mtnaehine  Ore,  Cahareo-tiliceout  Titanium, 
GrtenoviU,  Lederite,  Pietite,  Arpidelite,  Pritmatie  Titanium  Ore.— {2  Ca  0  -|-  Si  0-)  -^ 
(2  Ti  0  +  Si  0*}.  obliqiM.  H  50  —  5*5  G  3*3  —  3*7.  Case  37.  Frae.  im- 
perfect,  conchoidal.  Transparent.  Lut,  adamantine.  Col.  yellow,  green,  brown,  red. 
B.  fusible  on  the  edges.    Decomposed  by  sulphuric  acid. 

Found  in  granite,  syenite,  gneiss,  slate,  marble,  basalt,  and  lava.  Hedmont,  the  Tyrol, 
the  Pyrenees,  the  Ural,  Norway,  Sweden,  Bohemia,  Moravia,  France,  Scotland,  Ireland, 
GreeoJand,  Brazils,  United  States,  Greek  Islands.  Derives  its  name  from  v^v  a  wedge,  on 
account  of  the  shape  of  its  crystals. 

Bvookito. — Pritmatie  Titanium  Ore,  Juranite,  Arhantite,  Eumamte.  —  Ti  0\ 
pviBmatlc.  H  6*0  G  4-125  —•  4*170.  Case  37.  Frae.  uneven.  Translucent, 
opaque.  Lut,  metallic.  CoL  yellowish-brown,  reddish-brown,  hyacinth-red.  Str, 
yellowish-white.  Brittle.  B.  infusible.  In  powder  soluble  in  hot  concentrated 
sulphuric  acid. 

Dauphin6,  Switzerland,  the  Ural,  Caernarvonshire,  .£tna,  Arkansas.  It  is  not  a  common 
mineral. 

INORQANIO  NATURE.— No.  XVIII.  2  M 
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TITAKATE8r--JiJ9XAXiATE8. 


G  3-99  —  4017.     Cajse  37. 
Sir.  giayUih-wliite.    B.  in- 


Pexowakite.— (Ca  0  +  Ti  03}^  cubic.  U  6-8 
Opaque.  Iau.  adamantuie.  Coi.  Hack,  reddish-brown, 
lusible.    Acted  on  yer^  feeUj  by  hydrochloric  acid. 

found  iu  limestone  and  chlarite  slate.    YogsbtHg  and  the  Ural. 

Biengito«--43i]ppofed  to  contoan  ondet  of  ixmi  and  maDganeie,  txtaaie  acid  cad 
zirconia.  psicmatlc.  H  I'O  —  $-5  O  ^43.  FrM,  imeyeB,  conbhttdaL  Opcfue. 
Xiif.  metallic.  Col.  iron-black.  Str.  brown.  B.  iofusibla.  Soluble  m  iiot  coacen- 
trated  sulphuric  add. 

Found  in  albite  in  Siberia. 

Folymignito.- Prinna^  MOmi^  Qrd.-Jffl«Matto  H  «*5  O  4'7I»  —  4'81. 
Case  37.  Frac  conohoidal.  Opaque.  Lus.  metallic.  Col.  iron-black.  Sir*  4ark 
brown.  Brittle.  B.  infusible.  Decomposed  in  powder  bj  concentrated  salphuric 
acid. 

Found  in  syenite  and  basalt  in  Norway. 

Fcrgusonite.— PyratnMfal  MdMH$  a»w.— (6  R  O  +  Ta  0^),  wliere  R  is  Y,  €•,  asd 
Zr.  lon^unliial.  Hd*^  — 60  0  6'8-<6-9.  Case  37.  ^ttut.  coiokaidaL  Otpaque. 
Lut.  imperfect,  metallic   OoL  blackish-brown.   Sir,  psle  brown.   Brittle.  B.  iafusible. 

Found  in  quartz  in  Greenland. 

Polykxase.—Pslcaiatic,  H  6'0  G  5*105.  Frae.  oonchoidaL  Translucent  in 
thin  fragments.  Lut.  metallic.  OoL  black.  Str.  grayisb-brown.  B.  infusible.  De- 
composed by  hot  sulphuric  acid. 

Found  in  granite  in  Norway. 

JBccbyniie.— VficBUttlc.  H  5*5  O  5-1  —  5-2.  Caac  87.  j^m.  imperfect 
conchoidal.  Faintly  translucent  on  the  edges.  Opaque.  Lus.  imperfect  metallie. 
Col.  iron,  Klaok,  bpown.  Btr,  yeflcrwish-bKefwn.  Brittle.  B.  neariy  iUfoaiMe.  Par- 
tially decomposed  by  ooaeeotBated  MJ^fauzio  aoid. 

Found  in  a  Tock  consisting  of  felspar,  slMte,  and  mica,  near  Miask,  in  the  TJral. 

Malacone.— Fyzamidal.    H  6-0    G  3*903  —  3-913.    Frac,  conchoidal.    Lut. 
yitreous.    B.  infusible.    Decomposed  by  hot  sulphuric  acid. 
Found  at  Hitteroe  in  Norway. 

aUratedite.— PjqnaaUal.     H  5*5     G  3<6SI8.     Case  .37, 
adamantine.    Col  yellowish-brown.    B.  infusible. 
Foxmd  at  Arendal  in  Norway. 


7>iiiiliifieiit    £m. 


e.— H  4-0    G  2^8.    Case  87. 

resmouB.     Col.  brown.     Sir.  grayidi-brown. 
chloric  acid. 

Foond  in  syenite.    Norway. 

lucent.      Zut,  yitceoua.      OoL  brownish-black. 
Decomposed  by  hydrodbdcdo  acid. 

Found  at  Buon  in  Norway, 

Icerine.— flftrfl*««n^  Irm  On,  Oxidukm  Tiianieie  fron.'-^Te  t>  +  R^  0»,  -where 


Tranalaoent  in  thin  flagmeuts.    lus, 
B.  fuuble.     Decomposed  by  lydro- 


Cafle,37.  Froc  ooachoidcL 
Str.  gmyiak-liRivs.     B. 
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SiBFeorTi  o«Uo.  H.60-«*d  G4*«6~ll'li).  Caw  »7.  /Wo, Doadioidal 
Opsfue.  Z«t.  m«toUic.  (hi.  ijNm'hifuk.  Sir.  hkuik.  filittla  Magnrtw^  B^iateiUe 
FooDLd  in  basatt  md  doftotite,  •!■>  as  asnd  In  allwdnm.  Skod j.  Upper  LnsaUa,  Unkal, 
the  Rhme,  France,  Calabria.  DiBtingoished  fh)m  nigzine,  aTaiiety  of  mtile,  bj  ito  inftnor 
hardneflB  and  black  streak. 

XiMMLmitOu—l^tanitic  Iron,  Axototnom  Iron  Ore,  CriehtonUe,  Xibdeiophane,  Menae-' 
eamite, — ^Ti  0^  w^ith  Fe  0'  in  yarious  prqportions.  rhombol&edxml.  H  5*0  —  £-0 
G  4*66  —  5*31.  Case  37.  Frae,  oonchoidal.  Opaque.  Lm,  iisperfect  metallio. 
Col  iron-black.    8tr,  black,  brown.    Brittle.    B.  infnslble. 

Found  imbedded  in  sexpentine,  and  alao  di^Bfiminatcd  through  sand«  Saltzbwg,  Siberia, 
'  France,  Bohemia,  St.  Domingo. 

VIcMta.— ra»teM«,  Baurine,  Torreme,  MemipHmatic  TiuUdl  Ore,  tbhtmbiU. 
psismatic.  H  6*0  G  6*32  —  6*39.  Case  38.  Frae.  imperfect  oonchoidal.  Opaque. 
£cf».  imperfect  metallio.  ChL  blaok.  Sir,  dailc-broim  or  bUek.  B.  inAuible.  Not 
acted  on  by  acids. 

Feimd  in  graaHe.    Babenatein,  Smen,  Comeolioiit,  Maaaachvaelti,  and  Kew  Hamp> 

Tantmllta.— Fnitfui/ie  Ximtaluin  Otb,  ColumiHe,^TB  0  4.  Ta  O*.  vflamatle. 
H  6*0  —  6-5  G  70  —  80.  Case  98.  Frae,  oonchoidal.  Opaqne.  Lus,  imperfect 
meiadlio.    €U.  irdn^bUuk.    atr.broim.    B.lwiUB.    Not  aofod  on  by  aoida. 

Found  in  granite,  fS&lspar,  and  quartz.  Sweden,  BaTaria,  Bohemia,  Connecticiit,  Mas- 
sachnsetts. 

TttxotantaUte.--(3  RO  +  Ta  0«),  whew  E  is  T,  Ca,  Fe,  IT.    H  8-0  -  6*5 

G  5*39  —  5*88.    Case  38.    Frae.  oondioidal.     Opaque.    Zue.  imperfbct  metallic    Coi. 
black,  brown.    Str,  gray  or  wbite.    B.  infusible.    Not  acted  on  by  acids. 

Found  in  indistinctly  formed  crystals,  in  fblspar  and  granite.  Sweden,  FaHun,  and  the 
Ural. 


u—VranoiantalyTtirO'AnemUe.   piluaatlc.    H5*5    G  5*617 -5*715. 
Case  38.    Frae.  conchoidaL     Opaque.     Lus.  imperfect  metallic.      Col.  black.     Str, 
dark-brown.    B.  fusible  on  the  edges.    Soluble  in  liydrochloric  add. 
Found  in  felspar.    Hmen,  near  Miask. 
I         Wohlezite.— H  6-5    G  3*41.    Case  38.    Frae.  conohoidal.    TranaluGent    List, 
I  -vitceooa.    Col»  yellow,  brown,  gray.    Sir.  yeUowiah-white.    B.  fusible.    Decomposed 
by  warm  concentrated  hydiochlono  aoid. 

Found  in  tabular  and  pniwrnnfti-  crystab  in  syenite.    Norway. 
I         ■wriiHi,— ^^-^    G4'6.   Case  38.   JWi^.  impeipfeot  conchoidaL      TnubMat 
I   Im8.  veainous.    Col,  biowiUBhF>blaok.     Str,  laaddiab-bnywa.     B.  iafuaibleii    Koi  aoted 
on  by  acids. 

A  rare  mineral,  found  in  Norway,  nmed  ftmn  mr^am  aMmnitr,  on  aoeoont  of  its 
rarity. 
^  fkih^AwM^^FefroHUmUi^^^O  +  8iO»)  +  (2B0  +  TiO%  iAa»  B  k  Fe, 
Ob,  andMg.  amMphou.  H  7*5  G  3'788  —  3*807.  #V««.  conchoidaL  Opaqac. 
Imt,  Titroous.  CoL  blaek,  irideaoent.  B.  fusible  cm  the  edges.  Daoampond  pavtiaUr 
by  hydrochloric  acid. 

Found  massive  with  brookite. 
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TUNG8TATE8— VANADIATES. 


AntisumooliMr.— CSPfMii^tYtf,  AntimotM  Ockn^  AnUnumial  Orwile.— SbO'  +  SbO* 
+  2H0.  Asunvhoiis.  Very  soft.  G  5*28.  Case  38.  Frae,  uneven,  earthy. 
Opaque.  Lua.  dulL  Cui,  yellow.  Sir,  yeDowish-white,  shining.  Brittle.  B. 
Tolatilises. 

Found  with  antimonite,  in  Spain,  Hongaiy,  Bavma,  Mexico,  Padstow,  ComwalL 

Ken&M.— 22«;  Antimony,  Antimony  Blende^  Frismatie  Purple  Bknde, — (SbO'+ 
2SbS>).  ohUque.  H  1*5  6  4-5  -  4*6.  Case  38.  Paintly  translucent  Xttt, 
adamantine.  Col  cheiry-red.  Str,  red.  Sectile.  B.  fusible.  Soluble  in  hydro- 
chloric acid. 

Found  in  crystalline  slate  and  transition  rooks.    Saxony,  Bohemia,  Hungary,  Daaphine. 

Sil]Ml«r«zs.~An  impure  arsenical  sulphoret  of  antimony  and  lead.    CoL  dirty 

red. 

Found  in  capillary  czystak  interlaced,  and  presenting  the  appearance  of  flakes  of  tinder. 
TheHartz. 

TaUAtlaite.— iSsi^  Oxitle  of  Antimony^  WhiU  Atitmmy,  PritauUie  Antimmy 
Baryte,^ShO\  pilmi&tio.  H  2-6  —  80  6  5*566.  Case  38.  Semi-transparent, 
tranJalucent.  Lut.  adamantine,  (hi.  wbite,  gray,  yeUov,  brow%  red.  Sir,  vhite. 
Sectile.    B.  fusible.    Soluble  in  nitro-muriatic  acid. 

Found  in  Bohemia,  Saxony,  Hungary,  Nassau,  Dauphin^.  Oxide  of  antimony,  ciyatal- 
llzed  artificially,  is  dimorphous ;  the  crystals  belonging  to  the  cubical  or  prismatic  system, 
according  as  they  are  formed  at  a  high  or  low  temperature. 

B^hmtUtt^^Twtffttate  of  Lime^  Tungttm^  Pyramidal  Sehoel  Baryta.— CaO  4- WO^. 
jyyxamULal.  H  4-5  G  5*9  ~  6*22.  Case  38.  ^ce,  imperfect  oonchoidaL  Semi- 
transparent,  translucent  on  the  edges.  Lua,  vitreous.  Col.  white,  gray,  yellow, 
brown,  orange,  red,  green.  Str.  white.  Brittle.  B.  fusible.  Decomposed  when  in 
powder  by  warm  hydrochloric  and  nitric  acids.* 

Found  in  gold,  tin,  and  copper  mines.  Bohemia,  Saxony,  Cornwall,  Cumberland, 
Comiecticut,  Hungary,  France,  the  Hartz,  Siberia,  Chili. 

Wolftam.— TWi^stote  of  Jron,  Priamatie  Seheel  Ore.— (RO  +  WO^),  where  B  is 
Fo  and  Mn.  yriimatlc*  H  5*5  G  7*0  —  7*5.  Case  38.  Frac.  uneven.  Opaque. 
Lua,  adamantine.  Col.  brownish-blaok.  Sir,  brown,  black.  Slightly  magnetic.  B. 
fusible.    Decomposed  by  hydrochloric  acid. 

Found  in  veins  of  quartz  and  granite.  Bohemia,  Saxony,  France,  the  Hartz,  Cornwall 
Cumberland,  Hebrides,  Ceylon,  Siberia,  Connecticut,  South  America. 

StolBite.— TWn^ftoto  ofLeadj  Sehael  Lead,  Dyatomoua  Lead  Baryta.-^S^O  .\-  WO*. 
pyxaadidal.  H  3-0  G  7*9  —  8*09.  Case  38.  Frae.  conohoidal.  Semi-transpotent 
Lua.  resinous.  Gel  gray,  brown,  yellow,  groen.  Sir,  grayish-white.  Brittle.  B. 
fusible.    Soluble  in  nitric  acid. 

Found  with  quartz  and  mioa,  in  the  tin  mines  of  Zimmwald,  in  Bohemia.  Carinthia, 
Choi. 

Tanadialte.— rofiat^tate  of  Lead,  Johnatonite.-'IhCl  +  2PbO  +  (3PbO  -f  SVO*). 
xhom^ohmdsaCL  H  3*0  G  6*83  —  6*89.  Case  38.  I^ae.  oonchoidal.  FeeUy 
translucent  Opaque.  Lus.  vitreous.  Col  yoUow,  brown,  green,  white.  Sir. 
white,  yellow.    B.  fusible.    Soluble  in  nitric  acid. 

Found  in  Mexico,  the  Ural,  and  Dumfriesshire. 
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HechMiite— (PbO  +  VO»).    H  4-0    G6-81.    ZMf.  gxeasy.    Cto/.  dull-red.    Sir 
jeOowish.    B.  fualUe. 
Found  in  BaTarU. 

yroSboxihHm^^ranadiaU  of  Copper. -^OiO  +  V0«  +  HO,  part  of  the  Ou  re- 
placed by  Ca.  xhombolM4ial.  H  3*0  —  3*5  6  3*459  —  8-860.  Caae  88.  TranB- 
lucent    Zntf.  peady.    (W.  green,  gray.    5^r.  yeUoviah-green. 

Found  in  the  permian  fonnation*    Ingowakoxi  Thnringia. 

MolybdanoehMT.— OarMfo  of  Mofybdtmm,  Molgbdie  Aeid.^Uo  ()>.  Earthy. 
Caae  39.  Opaque.  Ltu.  dull.  Ool,  orange-yellow.  B.  fusible.  Soluble  in  hydro- 
ohlorio  acid,  in  potash,  and  in  ammonia. 

Found  irith  molybdanita.    Norway,  Scotland,  and  the  Tyrol. 

WiUftaito,— ifo^M^erto  of  Lead,  Yellow  lead  Ore^  CarinthUe^  Pyramidal  Zead 
Baryta.— ¥bO  +  MoO^.  pyxamldal.  H  30  G  6*3  --  6*9.  Case  39.  Rve.  oon- 
choidal.  Transparent,  translucent  on  the  cdgea.  Lue.  resinous.  (hL  colourless, 
yellow,  green,  red,  gray,  brown.    Str,  white.    Brittle.    R  fdsible.    Beeompoeed  by 


Found,  in  erystals  and  massive,  and  in  lead  mines.  Cszinthia,  Austria,  Hungary,  the 
Banat,  the  Tyrol,  Saxony,  Bavaria,  Massachusetts,  Pennsylvania,  Mexioo. 

WoUboukoite.-CAhydKMLlicateofohxonie?)  H  2*0  ^2*5  G  2-218 -*  2*303. 
Caae  39.  Drae.  conchoidal.  Opaque.  Lue.  dulL  CeL  green.  Sir,  lighter  green, 
B.  infusible.    Beeompoeed  by  hydrochloric  acid,  leaving  a  jeUy  of  silica. 

Found  in  veins  and  nodules.    Perm  in  Bussia. 

Oluromoclix*.-- Maaaive  and  investing  other  minerals.  Case  89.  Opaque.  Lue. 
dulL    C^  green. 

Found  in  conglomerate  and  porphyry.    France,  Sweden,  Silesia. 

lUhmuaaaltm,^C^romale  of  Lead^  Bed  Zead  Ore^  SemipriemaUc  Lead  Baryt^ 
Xaloehrome,  Cfroeaieiie,  KrokoUe-^VhO  +  CrO^.     oWqno.      H  2*5  —  30    G  5*9 

—  6*1.    Caae  89.    I^ae.  eonehoidal,  uneven.    Tranalncent.    Lue,  adamantine.    CM. 
red.    Sir,  orange.    Seotile.    B.  fusible.    Beeompoeed  by  warm  hydrochloric  add* 

Found  with  quarts  in  granite  and  talcoae  slate.    Siberia,  the  Ural,  Brasila. 

ThmnM.tm.—MeUmoehroite,  Phomkoehreity  BhomeU^Z  FbO  -f-  2  CrO^     H  3*0 

—  8*5    G  5*75.    Tranalucent  on  the  edges.    Lue.  resinoua.    CoL  red.    8tr,  bribk-red. 
Slightly  brittle.    B.  fusible.    Beeompoeed  by  hydrochloric  acid; 

Found  in  veina  of  quarts  in  the  UraL 

Tftnquelinlte^— C%f«Mai«  of  Lead  and  Chpperj  Bempriematie  (Hka  MaUuMUa^- 
(8  CuO  +  2  CrOa)  +  2  (8  PbO  -(-  2  CrO*).  obliqiM.  H  8*0  —  3*5  G  5*75. 
Case  39.  JF^'oe.  flat,  conohoidal.  Slightly  translucent  Opaque,  l^e,  waxy.  Col, 
green,  brown.    Sir.  green.  ^  B.  f^ble.    Soluble  in  nitric  acid. 

Found  in  veins  of  qusrtz.    The  Ursl,  Brazils,  North  America. 

ehg^mitt^—Ckromaie  of  Iron^  Octahedral  Chrome  Ore,  Priematie  Chrome  Ore,-- 
BO  +  B.'^CP,  where  R  is  Fe,  Mg,  or  Cr,  and  B'  is  Cr,  Al,  and  perhaps  Fe.  cnUo. 
H  5-5    G  4*40  —  4*59.    Caae  39.     Frac.  .uneven,  impnfeot  oonchoidaL     Opaque. 
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5^4  BOKATCft. 

X«f.  metdfie.     Cb/.  iron-Madk^  Innoirxildi-bUck:.     8tt.  dark-Brewiu     Brtttfe.     Sdioe- 
timet  slightly  magnetic.    B.  infuaible.    Soluble  in  bisulplute  of  potash. 

Found  in  serpentine,  limeBtone,  and  in  streams.  France,  Stiiia;  Banllkfaire,  Sthling* 
sbire,.  SUasia^  BobemUs  Nerw^,  Sibena,  Maryland,  Pennaylvania,  Vermoat,  Kev  Janej, 
Maasachnsetts,  Baltimore,  St.  Domingo.  The  large  proportion  of  chrome  renders  this  a 
highly  Talnable  mineraL  In  combination  with  the  oxides  at  other  minerah  it  yields  green, 
yellow,  and  red  pigmentfi)  used  in  oil  paintiiig,  dyeaag  and  eokniing  pogweiBin. 

SaMoUne.— JVa/tr0  Boramc  AcU^  Frimnatier  Smraeie  Aeid^-^'Mfi  +  SfiO. 
^MiMStliio.  Ht-e  Gl*48.  Cut  39.  Trampaxent^  tEmahicent.  Xmyenlj,  CW. 
whit«y  ookuilaM)  grayish- whUe,  yaUawialuwhite.  8tr,  whita^  nnctuooa  to  the  tosdti 
Tiute,  acid  and  bitter.    Soluble  in  water  and  in  a^oohoL 

Fonnd,  mixed  with  solphw,  in  the  islaada  of  TnloaiM  and  SteoiabeK,  and  in  tha  laster 
of  the  hot  springs  of  Saaso,  in  Tuscany.    Used  in  the  manufacture  of  borax. 

BayMine  SifdrohoroedkiU.^2^9,0  +  BCF)  +  OHO.    Case  89.    (hi  white. 
Found  abundantly,  in  fLbronamasseS)  on  the  dry  plains  Xkear  Iquique,  in  Pera. 

■9«nb«actt*.'*<8CaO-|^4B03)+(3lfgO+.4B03)  +  18Ha  H  »•«  A  1^ 
In  thin  leaves  translucent.  CoL  white.  B.  fusible.  Soluble  in  hot  hydrochloric  Md 
aitriaadds* 

Found  in  flbroua  nasaea  in  the  Cirocaaiiak 

tteoal.— JbrA«»  of  S^  PrimuHk  Bttrm  Mft-^HaO  -f-  ^M^  -f  HEO. 
4Mlf««.  H2*»-2^6  G  1*716.  CaMd9.  .firw.  aonahoidat  Tmaparent,  ttva- 
lucont.  Lu8.  resifiaus..  C^t,  oolsurlesa,  white,  gM^^  yellow,  grscn.  ^ir.  wMfce 
Bather  brittle.    Taste,  alkaline,  sweetiah.    B.  fiiatbia    flakdilo  )m  w«Iml 

Found.  e&  the  ahoaea  of  saaM  lakea.  Thibet*  Nqwal,  China,  Ceylanr  South  Aasarica, 
Tincal,  when  purified,  forms  the  refined  borax  of  commerce.  It  is  used  as  a  flux  in  glaas 
manufactories  and  in  soldering. 

Boimclte  —Borate  of  Magnetxa,  Tetrahedral  Boracite.—ZUgP  +  4B0'.  ciaUe. 
It  7-0  &  2-83  —  2*m  Case  39.  Th-ae,  eoMhoidal.  Transpareat;  tmrnhmmt  on 
the  edges.  Lt49.  titreovisi  M.  white,  dolourksa,  grary ,  yeObw,  gMOS,  bsowa.  fiA^ 
white.  PyroeleotiJe.  B.  fiiaible»  SoluUiewlMni&poirte'iAhydroaUoBiaandaitBa 
acids. 

Found  in  gypstun.    Brunswielt,  Helstete,  Firanoe, 

m]iodlalbi.--8CM  +  4B0>;     cxM^    H:8*e    G  S'iie.     TiniatiaoMit      Xw. 
▼itteaw.    CU.  winte,  yellowiafa,  gnyiah.    Pyiw^watim    B.  AttiUH  witii  dificuity. 
Found  with  red  tounnaline  and  quartS)  in  the  Utal. 

DathoUte.— ^OMMtff  Borate  of  Lbm^  BotrpoUU^  SttmMHi^  Xn/mrkiUj  IHmaiic 
J)y9m^  /^ar^2GaO  ^  SiC)  +  (BO^  +  SiO>}  +  HO.  pdoMtic.  H  5-6 
QJi;%  —  S*0.  Cast  39.  i>c«.  impedact  eoochoidal  Transluaent,  transpaxent 
]Um.  Yi^TB^pBr  Cb/.  white)  inclining  to  9reen»  yeUow,  and  gray.  Sir,  white.  Brittle* 
B.  fusible.    Decomposed  by  bydioohloric  aoid,  leading  a  jelly  of  silica. 

Found  in  slate,  sandstona,  seq^oAine,  and  greenstone,.  The  Harts,  Bs^aria^  the  Tyrol 
Tuscany,  Italy,  Connecticut,  New  Jersey,  and  Scotland. 

Touznuline.— ^ei^7,  JphriziU^  RuhettiU,  TndicoUte.—thomhvih^dxtCi.    H  7*0 

'—  7-5    G  30  —  3-3.    Case  40.     Frae.  imperfect  conchoidal.    Tnmsparent,  almost 
op&que.    XtM.  vitreous.     G>1.  colourless,  gray,  yeUow,  green,  blue,  red,  brown,  bladL 
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i»r.  "White.   PyKwlaetaA.     B.  IqbUa.    DeMnpMad  ^  MM«Ditet»A  sulphniio  mM 
rfiuoonu 


Found  im  gaeiss,  granite,  xtdca  aUte,  pebUw  and  sand  of  xifcm  XIm*  GkrimMl,  Saonyt 
Honvia,  KassaeliasettSj  Siberia,  Bothnia,  Carinthia,  Ceylon,  Pegu,  Madagascar,  Bzazila, 
the  1^;f^l,  BeTonshire,  Cornwall,  Sweden,  Korway,  Greenland,  the  Pyrenees,  ^'anfibhire, 
XSml  Ihe  feladc  opaque  Tarietiea  are  eaUed  icTMrl^  the  bfaie  oryataliB  front  Sweden  UtRMlHt, 
nd  the  red  raileties  ruheUiU,  or  MeriU.  The  speefaMA  of  ralMllit»ii»  tiurBcMflb  Mnaoim, 
presented  bjtiio  Kins  of  Ava  to  Coloiiel8yaM«,ha«  been  valaedalJl^OO,  Tha  bloe,  green, 
and  brown  transparent  crystals  are  much  prized,  on  account  of  their  property  of  polarizing 
Bght,  when  cut  in  thin  plates  paraUd  to  the  axes  of  the  hexagonal  prism.  Some  of  the 
transpasent-nuietSos  are  used  as  gems,  and  are  somefimes  sold  for  emenildss  topaz,  and  r6d 
sapphire.  The  yellow  tourmaline  is  quite  as  vatttftblo  as  the  topaz-;  but  the  green  and  red 
ttve  inferior  to  the  eneraU.  and  samphire.    The  sg^ocific  gravii^  affinda  a  ready  test  for  their 

fim^»TiTT]iTlfttio^. 


itt^^Prkm&tit  AxitnUt^  ThmnkCf  TkmmnUitk^tMmthio.  H  6-5  -*  7'0 
O  S-3»  —  i*90;  Cam  40.  Frtte.  conohoidfl^  Tranaptmnt,  translwenll  on  the  edgee. 
XtM.  yitreous.  CoL  brown,  blue,  gray.  Brittle.  Acquires  ritroouB  electricity  t^ 
Iffirtioa^  fyarodeatrit^  Ik  fuoiUft.  Decampaaed  by  hydmihlorir  and  alter  fbsion, 
lanTing  a  jetty  of  nllea. 

Found  Jn  granite,  dionlte,  diabase,  gneiss,  mica  slate,  and  day  slate.  Banphiae,  Corn- 
wall, the  Pyrenees,  SaToy,  St.  Gotthardt,  the  Tyrol,  Saxony,  Norway,  Sweden,  the  Ural,  the 
Bntk.    Thoogk  snseeptLble  of  a  higk  poilrii,  it  want*  the  brUUMi^  vequMlo^  <b»  ait  orna- 


chUqnm.  Hl-^"—- I'd  G  1-^3.  Cose  41.  JVocr.  condioldal,  tnusparent,  semi- 
transparent  JJua.  vitreous.  CoL  colourless,  wHf e,  yellow;  gray.  tr,  white.  Scctile. 
^Em^  aiMitte»  pHi^pmt     Ik  iBfliUa.    flohlhls  la  traitor. 

Hungary,  the  Asiatic  Steppes,  Bohemia,  VesuTius,  ^tna,  Teneriffe,  Guad^oupe,  £gy^. 

^hntm-'PrimmMdtd  Ihma  AiO^  Strmttd  AmAii-<2  Iff  a  0  +  9  CO*)  +  4  HO. 
oUffiM.  H  2^6  G  2^113.  Ctat  41.  Fnac,  imeiren.  Tnmspsrent,  translnccnt.  Lua. 
Titreous.  Col.  colourless,  w&itc,  gray.  Sir.  white.  Brittle.  Taste  nlkaline.  B.  fusible. 
SoInUe  in  water. 

Pound  «n  the  baafea  e^  nnlns  lafcesi  and  under  m  stratttm  of  eky.    Egypt,  Peaxan, 


Theimonatxito.  —  Pmma/M  CarhmaU   of  Soda.^lStL   0    +  C0<  +  HO. 
fttfiiMiatic.    H  V6   G  1*5  -*  1*6,    True,  eonchoidal    Transparent^  translucent    Lua, 
^treotts.    Col  eoloorless)  white,  yeltowfeh.    Str,  white.     Sectile.     Taste  pungeni,  , 
flDtnlina 

Found  wfih  natrtm.    Debreczin,  Tesurins,  Sgypt,  Asia,  and  America.    Supposed  to  be  • 
the  mtn  of  the  Old  Testament 


s.— jr^XJ  Prvmada  J^isryio-€aVnte,'-^nf>  +  CO^  +  (Ofi  0  +  Co«) 
yvisflUktle.  H  4  0  ->  4-5  G  Z't5  —  3^70.  Frae.  conchoidal.  Traxisporent  tran^ 
luceait  Lui.  Tiireoua*  CoL  colourless,  grayish,  white.  Sir,  white.  Soluble  in  acids 
with  effervescence. 

Eoond  in  Teins  wi&  galena,  Alston  Moore  ocnd  FaQowfldd.  I 

^HaMt^^.   M4g%    0  8*6-^^.   Caw  41.    f^v«  impttfeet  oonohoidflL    TtttHparabf,   ; 
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tmnalucent.    Lm.  TitreouA.    Cok  gnyiBh,  yellowish,  or  greeniih-wliite.    Sir.  white 
Brittle.    B.  infusible.    Soluble  inth  eflenresoence  in  hydrochloric  and  in  nitric  ceids. 

Found  in  mountain  limestone.    Cnmberiand. 

WUhmMm.  —  OiirbofuUe  of  Barifta^  JHpritmaiic  SalStayta.—BaL  0  +  C  0=. 
pziAinatlfi.  H  30  —  3'o  G  4*2  —  4-4.  Case  41.  Frac,  uneven.  8emi-tran^- 
rent,  semi-translucent.  Lut,  vitreous.  CoL  while  inclining  to  yellow,  gray,  green, 
and  red.    Brittle.    B.  fusible.    Soluble  with  efferrescence  in  dilute  hydrochloric  add. 

Found  in  transition  rocks,  granite  and  porphyry.  Lancashire,  Cumberland,  Dnxhami 
Westmoreland,  Shropshire,  Flintshire,  Styria,  Saltzburg,  Silesia,  Hungary,  Siberia,  Sicily, 
Chili.    Distinguished  from  harytu  by  ita  solubility  in  acids. 

BtKontUadtt.—CMenaie  of  StroHtian,  Peritomout  Bdl-Barfta,  8r  0  -|~  ^  0*. 
pvUmatio.  H  8-5  G  3*59  —  8*65.  Case  41.  Frac,  uneven.  Transparent,  trans- 
lucent. Iau,  vitreous.  CoL  colourless,  white,  gray,  yellow,  green.  Btr.  vhiie. 
Brittle.    B.  fusible  on  the  edges.    Soluble  with  effervescence  in  hydzochlorio  and  nitric 

acids. 

Found  in  limestone,  day,  ironstone,  baaalt  Strontian,  Leadhilla,  YorksUre,  FVeibetf . 
Clausthal,  Saltzboig,  Westphalia,  the  Orisons,  Giant's  Causeway,  Poland,  New  York,  Pern. 
Strontia  and  all  its  combinations  possess  the  property  of  giving  a  red  colour  to  flame,  and  is 
therefore  used  for  flre-woiks. 

AxmsoBito.— iVifm«^»0  Lim^  Hohide,  TarnowUsUe^  Satm  Spat,  Neeik  8par^  IghiU. 
— Ca  0  +  0  0>.  plismatio.  H  3*5  —  4-0  G  2-98  —  8-01.  Cases  41  and  42. 
Frac,  conohoidal.  Transparent,  tmnalnoent.  Xnt .  vitreous.  Cok  cdourlesiy  white, 
gray,  yellow,  green,  blue.  Sir,  grayish-white.  B.  infusible.  Soluble  with  effer- 
vesoence  in  nitric  and  hydroohlorio  acids. 

Found  in  gypsum,  bsssltic  rocks,  beds  of  brown  iron  ere,  serpentine,  lava,  and  depocited 
by  hot  springs.  Aragon,  Valencia,  Bohemia,  Baden,  Hessia,  Auvergne,  the  Tyrol,  Hongair, 
Siberis,  Greenland,  Thuringia,  the  Harts,  Styria,  Piedmont,  Vesuvius,  Iceland,  Carlsbad, 
Cumberland,  Carinthia,  Devonshire,  Buckinghsmshire,  Leadhills,  Galloway.  Thia  ndneral 
is  named  from  Aragon,  a  province  of  Spain.  The  oorxalloid  varieties  which  occur  in  beds  of 
iron  ore  are  called  Flo*  ferri;  and  the  massive,  silky,  fibrous  vsriety  derives  the  name  of 
Satin  9par  from  its  appearance.  Aragonite  is  distinguished  firom  cslcite  by  the  form  of  its 
cleavage,  and  by  flying  into  powder  on  being  exposed  to  heat  When  carbonate  of  lime 
crystallizes  from  its  solution  in  boiling  watef  containing  carbonic  acid,  it  ibnaa  cryslala  of 
AragoniU;  if,  however,  it  crystallizes  fh>m  the  same  solution  at  the  ordinary  temperatnm  of 
the  atmosphere^  it  takes  the  form  of  ealeile. 


C9lclim,—CarboimU  of  Lime,  Rhombohcdral  Lime  UtthidC'-QaL  0  +  C  0>. 
bohedzal.  H  8-0  G  2-69  — 2-75.  Cases  42— 46.  J'rM.  conohoidal.  Transparent, 
translucent.  £•»•  vitreous.  Col,  colourless,  white,  blue,  green,  yellow,  red,  brown, 
black.  ^A'.-white.  Brittle.  B.  infusible.  Soluble  with  effervescence  in  hydrochkrie 
and  nitric  adds. 

Found  in  limestone  and  almost  evexy  kind  of  rock,  also  in  cavities  of  smygdahudal 
rocks.  Iceland,  the  Hsrts,  Derbyshire,  Cumberland,  Prague,  Carinthia,  Bohemia,  Saxony, 
France,  United  States,  Thuringia.  The  beautiful  transparent  varieties  from  Iceland  are 
called  Iceland  spar,  and  are  remsrkable  for  the  besutiftd  manner  in  which  they  exhibit  the 
properties  of  doable  refraction. 

Schiffcr  Spath  or  Slate  Spar,  a  lamellar  variety  of  carbonate  of  lime,  ia  fbund  in  Saaony, 
Bohemia,  Norway,  Cornwall,  Scotland,  Wicklow. 

Oranular  lAmetimu  and  Statuary  Marble  consists  of  minute  erystals  of  eaibottate  of  lime. 
Thia  snbstsnce  Is  valued  aocerding  as  it  is  firee  from  flaws,  colour,  and  is  oapaUa  of  rccaiviag 
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m  9ood  polish.  Kaxof,  Paros,  Tenedos,  Canara.  Marbles  Taziously  coloiired  by  foreign  tob- 
ptances  form  the  greater  part  of  the  transition  rocks. 

Ooiite  or  BoegtoM  eonsists  of  an  aggregation  of  minute  globnlar  masses  of  carbonate  of 
lime.    The  Portland  and  Bath  stones  sre  yarieties  of  oolite.'y 

Sialaeiita  are  pendnloos  masses  of  carbonate  of  lime,  hanging  from  the  roofe  of  caTems, 
and  fonned  by  the  water  trickling  through  the  roof  charged  with  carbonate  of  lime. 

l\fa  or  Caleetreotu  Tt^ffis  a  porous  variety  of  limestone,  deposited  by  calcareous  springs. 
It  possesses  the  valuable  property  of  hardening  on  exposure  to  the  air. 

Chalk  is  a  maasiTe  opaque  carbonate  of  lime,  consisting  almost  entirely  of  minute  fossil 
inftuoris* 

Aaiutgitt.'^Paratomom  Lime  HaiouU^  Shoe  TFand^  ^muti^n.— xhemboliedzAl. 
H  3*5  — 4-0  G'3*040^3085.  /Vac.  uneven.  Translucent.  ii«.  vitreous.  CW. 
yellowish,  white,  gray,  brown.  8lr.  white.  JBrittle.  Soluble  with  effervescence  in 
nitricicid. 

Found  in  beds  of  mica  alate.  Styria.  Highly  prized  as  an  iron  ore  and  as  a  flux  for 
■melUng. 

IKftlonito— J7$^ter  Spary  Pearl  Spar,  TharandiUf  Broum  Spar^  UimmUy  MhomhSpar, 
Mmgnuian  CarbonaU  efldme,  Magnesian  Limeitont,  Macrotppaus  Lime  ffaloide,-^C9, 0  + 
C  (P,  Kg  0  +  0  03.  Avmh&hmiamX.  H  3*6  -  4*6  G  2*80  ~  2*95.  Caae  47. 
JVae.  ooachoidaL  Semi-tnmspareiit,  traaaiuoent.  Zm*  vitreous,  (hi,  colourless, 
white,  green,  yellow,  red,  blue,  brown,  gray,  blaok.  Str.  grayish-white.  Brittle. 
B.  infusible.    Soluble  in  hydroohlorio  add. 

Forma  rocks  by  itself,  and  oeeurs  in  beds  in  other  rocks.  The  Apennines,  the  Tyrol, 
Switzerland,  Piedmont,  Tuscany,  Saxony,  Bohemia,  Hungary,  the  HarU,  Norway,  Sweden, 
Scotland,  Kngland.  Better  adapted  for  mortar  than  common  limestone,  as  it  absorbs  less 
carbonic  acid.  The  white  marble  of^aros  and  lona  belong  to  thia^species.  It  admits  of 
being  cut  snd  polished,  snd  is  said  to  be  durable. 

XM^iiMlUr-Obf^ofHil0o/Jra9yi«mi.---MgO4-GOs.  shmnbohAdnL— H 4*5 
—  5*0  G  2*88  —  8*02.  Case  48.  JVve.  conchoidal.  Transparent,  tnmalucent  on  the 
edges.  Inf.  vitreoiu.  Col.  colourless,  yellow,  brown,  black.  3tr,  white.  B.  infosilkle* 
Soluble  in  dilute  sulphuric  acid,  and  in  nitric  acid.    Adheres  to  the  tongue. 

Found  in  aeipentine.  Sweden,  Silesia,  Moravia,  Styria,  the  Tyrol,  East  Indies,  Spain, 
America. 

MydxoauiCBeslto.— JVa^tM  Mapntia^  SpdroeariamUa  of  Magnuia.  LatieaeUriia,^ 
3  (HgO  +  0  0*)+ (MgO  +  4HO}.  oblique.  H  35  G  2*14— 2*35.  Caie47. 
FaJaUy  translucent.  Ltu.  pearly.  Cb/.  white,  green.  Sir,  white.  B.  infusiUe. 
Solnble  in  hydrochloric  acid. 

Found  in  earthy  masses  in  serpentine.  New  Jersey,  New  York,' Shetlsod  Islands. 
Beeembles  talc,  but  distinguished  from  it  by  its  hardness  and  specifle  gravity. 

€Hylxi^lU^Samipri$maiie  Kouphone  ^a/o«2r.~(Na  0  +  C  Os)  +  (Ca  0  +  G  0') 
-^5  HO.  Oblique.  H  2*6  G  1-923  —  1*950.  Case  48.  /Vm. conchoidal.  Tcana- 
parent,  transluoent.  Lue.  vitreous.  Col.  colourless,  white,  gray,  yellow.  Sir.  white. 
Brittle.    B.  fusible.    Soluble  in  nitric  or  hydrochloric  acid. 

Found  in  crystals  in  a  bed  of  clay  at  LaguniUa  in  Columbia ;  it  is  called  elavoe  or  naila 
by  the  nativea,  from  tbe  appearance  of  ita  erystsls. 

Ohalybite. — Spaihotelron^  Sparrp  Iron,  CarbonaU  of  Oxide  oflnm^  Spharotideriie, 
8uieriU.-¥e  0  +  0  O^.  shombohednO*  H  3*5  -  4*5  G  3*70  -^  3*92.  Caae 48. 
^ac,  imperfect  conchoidal.    Transparent,  transluoent    Opaque.    Lm,  Titieoua.    C6L 
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yellow,  brown,  grsjr,  'wlixtasj  red.     Sir.  yeUowsb-irlyte.     BritlLs;     SoluUe  far  i 
nitric  add. 

Found  in  gneiss,  slate  and  limettooe,  in  TimtaUic  yeins,  «&d  in  catntias  in  tr^  rooks. 
TIm  Harts,  Nassau,  Sijvia^  CannthiA,  Westphalia^  the  Fyxanees,  Bohemia,  Saxony^  Deron- 
shire.  Clap  InmUnSt  whiefa  is  a  nuztnre  of  ohalybite  and  oUj,  is  foond.  in  Staffordshire, 
Sonth  Walea,  Bohemia^  Moravia,  SUesia,,  Polsad,  United  States.  A  ^eerj  vakuhle  iioa  ore. 
The  Stjiian  steel  is  obtained  finan  the  iron  made  from  it. 

!DIaI10glt6.'-^<frdona^  o/Manffonesey  Red  Manffaneaey  RhoiocrMifs.-^'M.-tt.  O  -{*  C  O?. 
zhombohedral.  H  3*5  —  4*5  G  3*43  —  3*63.  Case  48.  F^ae.  uneyen.  *  SOightly 
translucent.  Xuf.  vitreous.  OoL  rose  zed^  fleah  red.  Sir.  white.  Brittle.  B.  infittible. 
Soluble  in  hydrochloric  acid. 

.  Found  in  gneiss,  porphyry,  and  hematite.  Saxony,  Hungary,  Tranaylvania,  the  Rarta, 
Switzerland,  Ireland.  Distinguished  from  manganese  sparlsy  its  hardness.  SomeTBiieti«B 
become  brown  by  exposove  to  aiz. 

Calamine. — Carbonate  of  Zinc,  Zine  Spar,  Rbomhohedral  Zine  Baryta,  Smitktomie.^ 
ZnO+CC.  ilMMA«hiP«x*L  H  6*0  G  4*34 -- 4^4«.  ;:  Gm 49.  J9Wm.  nMreiL 
Semi-tnmflpai«nt,  tnmsluoeiit.  Lu$.  vitMoas.  CM.  cobadeas,  whiter  gny,  ftittt, 
brown.    i$#r.  white.    Brittle.    B.  infoaOile.    j»flMU»mky*ochloi!ieattd. 

Found  in  tlie  slate,  transition,  coal  and  oolite  Ibrmstions.  Westphalia^  SiiiMiM,  Carintfiia, 
the  Banat,  I\>laixd,  Bongary,  Servia,  the  Altai,  fllberlai  IVanoe,  Belgaas,  Vmttd  Staiai, 
Scotland,  Somersetshire,  Derbyshire,  Comberjaad*    2i*a  i»  e»lraitedi  tram  thi»  an„ 

nvammtt^^AurkHalcU^,  OriehaiiiUe.-^{$  Za  0  +  €  0>>  +  (tCtoO>+  OO^)  + 
3  HO.  H  2-0.  CaBQ49.  Tnmaliicent.  £m. pearly.  CoT.  gteen.  BotaUeishy^^ 
dUoEio  acid. 

Found  in  the  Ural  and  in  France. 

SallHaL    llii  hmaU  of  JSBher,  Oray^  5iZt^.— Anorphoiuk     Frac^  ii>nywi|  mt^j. 
Xwwdull.    CU:gray.    Soft.    Sectile.    Kliuibk.    MnUoin^DCtsiaMid^ 
Found  in  the  Black  Forest  and  M exioo» 

ihsxwultt^—Carbonate  of  Lead,  Lead  Spar,  iHprUmatie  Lead  Baryta.— Vb  0  +  C  0'. 
pxismattc.  H  3-5  G  6-4  —  6*6.  Case  49.  Ptae.  conchoida!.  Transparent^  trans- 
lucent. Lu8.  adamantine.  Coi.  colourless,  white,  gray,  green,  blue.  Stt.  white. 
Brittle.    B.  fosible.    Decomposed  by  hydrooklorio  acid. 

Foimd  in  crystals,  masses,  and  pseudomoiphous,  after  olher  substances.  Boltemia, 
Carhrthia,  Hungary,  Saxony,  the  Hartz,  Silesia,  Westphalia,  France,  the  Altai,  Sibesia, 
Devonshire,  Cornwall,  Cumberland,  Derbyshire,  Scotland.  YaiuAble^aaaBon  o£  lead;  4i§- 
tingoiahed  ftom  sulphate  of  lead  by  its  crystals  being  usoaUy  marled, 

A^jkibBittt—Bitmutite,  Carbonate  of  Biemuth.  —  4  Bi  0*  -|-  3  00*  +  49  0. 
Amorphens.  9  4-0-  4d  G  6-909  -  7-670.  Case  4».  JHw.  canohaWal.  Opaque. 
Tnuuluoent  on  tbe  edges.  Xm».  vitreous,  duU.  Cb^.  green,  yellow^  Ala  gra^  or  while. 
B.  fttsiblt.    Soluble  in  hydroohlorio  add. 

Found  investing  other  minerals,  and  in  pseadomorphoua  crystals.  Schneebsrg, 
Cornwall. 

iMXktbaadtt,— 'Carbonate  of  Cerium.— Z  La  0  -f  C  0*  +  ^  ^0-    pynmidal, 
H  2*5  —  3^    Case  49.     Lae,  pearly.    CoL  widCe^  gray,  yeHow.    Sir,  wllita.    Soluble 
in  acras. 
•      Found  wK&  eweriu  at  RIddarhytta,  m  Smsden.    As  extremely  nuw  winenl. 
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w, — Umtomk,    OtrhmtmU   of    Qufkim    Lanihammm    mmd    Didpmhm.— 
HM    G4*3a.    earn  49.    jFV-a«.  imdl  conchoilaL    Xw.  ▼iteeoiM. 
(hi,  browny  ysBow*    Str.  jeOawiA^ml^tG.     1l  infinoUe.    floluUi  witk  ^Aealty  im 

Fomid  !n  tSa  emenid  mines  of  Iffuzo,  in  11^  CFnuad*. 

BimuuMitto.— i^0cAy/ypoKf  Ztm«  JJdiiioufs,  Carbonate  of  Magnesia  andiron,  Kg  0 
•f  C  0*.  r&ei^bo&edral.  H  40  —  4'6  G  3  0  —  3*2.  Case  49.  Jhvi  condimdid. 
Tnuuparent,  translucent.  Iau.  vitreous.  Col,  colonrless,  white,  yellow,  brown.  Str. 
grayuh-white.    Brittle.    B.  xnf^ible.     SbTuble  in  acids. 

Foimd  ia  chlorite,  tafe,  sometimea  in  serpentine,  rareff  In-  g^psom.  Tfte  Tyrol,  St. 
eoltbarde,  Horway,  United  fllMM,  Shetiaxii.  MaCuigi^hed  fron  dolomito  by  ite  esjatiA- 
liaaiini»  havdheaa,  wmA  spesiftc  ffom/Sj. 

—  3*42.     Case  49.     Transparent,  translucent.     Iau,  yitreoua.    Col.  gnj,  yaUoir, 
green,    glr,  white.    Brittle.    B.  iafvwiUe.    0eluUe  in  hydbroehlonB  aeoL 
Feoad  wilh*  qnaiia  and.  heni«tite,    PiedioABt  and  Saltebuxg. 

^^MTtf  IfotetfAOe.— (2  Cu  0  +  C  0»)  -♦-  (Cu  0  +  H  Q).  •b|l«M.  H  5-^  -  4-0 
O  3*766  — a-881.  eMB50b  FnMu  coMlMidaL  TMMpaMat»traaafaMftit  on  the  edges. 
Xuff.  TitreQUb  Cok  azure-blue,  passing  into  bUdciah-blue.  Sir.  blue.  Brittle. 
B.  fanbld    Soluble  in  nitric  acid. 

Found  in  TeinS' with  green  carbonate  and  ved  oxide  of  copper.  Cbesay,  the  Altai,  tbe 
Banat,  Senria,  Poland,  the  Tyrol,  Bohemia,  S|>ain,  Cornwall,  Cumberland,  Scotland, 
Siberia,  Thuringia,  Heaaia,  Silesia,  Chill.    A  valuable  ore  of  copper  when- fbund  in  sufficient 

WffnlaillilK      rr CkrBonaie  of  Ghpper.'-dGn,  O  +  C  0«)  -f  (Cu  O  +  HO). 

^Mit«».  H3«-4»0  0  3*71-4-01.  Caae».  IVap.  fDnaMU..  Tranipainit, 
or  tranalucisnt  on  the  edges.  Lm.  adamantine.  CoL  green.  Str.  gratn.  Bdttia. 
B.  partfy  laAnMe.    SoluMe  in  nitrte  acid. 

Found  in  copper  mines.  Chessy,  Spain,  Prussia,  Thuringia,  fha  Tyrol,  the  Banat, 
jPoland,  Siberia,  CerowaU,  Wsies,  Ireland,  Australia.  Malachite  baa  been-  divided  inie  the 
fibrout  and  moMirt.  The  crystallised  Tarieiy  is  eatremely  rare,  and  only  found  in  m inute  trans- 
parent twins  coating  the  cavities  of  the  fibrous  kinds.  It  is  a  valuable  ore  of  copper,  but  is 
most  prized  by  the  lapidary  on  account  of  the  beauty  of  its  colour,  and  the  high  polish  of 
wMeh  it  is  snaceptible.  Tbe  vahiable  rases  and  tables  of  malachite  manu&otured  at  St 
Petersburgh  are  mostly  formed  of  thin  plates  of  this  substance  skilfully  veneered. 

Hitra.— ^tfroA  of  Potaahy  SaUpetre.  K  O  +  N  0*.  inrlrawtie.  9  2*0 
Q  1*933.  Case  52.  Frac.  conchoidol.  Transparent^  translucent  Zua.  yitreoua. 
Col,  ooieurlewsy.  white,  gray,  yellow.  Str.  white;  Soluble  ia  water. 
""  iWad  aa  so:  efflooreseeAce  on  tbe  aunfbee  of  tfhe  earth.  Bnngasy*  Podolia,  Spain,  Ita^, 
France,  Arabia,  East  Indies,  Calabria,  Virginia,  the  Brazils.  It  ia  also  procured  artificially 
faaa.  the  deoempoeition  of  animal  and  vegetable  matter.  Used  iu  the  manufacture  of  gon- 
powdier  and  of  nitric  acid. 

JTiUnUM.— iK»«r«fa0/.&M2a.--(KaO4-NiO«).  y^MBi1bohed»a.  H  1-5  ~  20 
G  2*096.  Case' 62.  I^ac*  conohoUaL  Ttaasparent,  transhicent.  Xms  vitreouo, 
fiWL  colouzlesa^  white^  gvay,  bn>wn«    Str,  white.    B.  fusible.    Soluble  in  water. 

FonttAin.  eryalals  in  beds  aeiwat  ftet  tUek,  wifli  clay  aiai  aand,  im  the  diatriek  of  Taaa- 
paca  in  Peru. 
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mbmhlliim.'^u^hMeofSodaf  Qlaubir  SaU.^N9i 0  +  S  0*+ 10 H  0«  obll«m«. 
H  1*5  —  2*0  G  1*461.  Caae  62.  i^Vv^.  oonohoidaL  Tnuuparent.  Jm$.  ▼Uzwhu. 
Chi  odlonrless,  white.    Str,  white.    Sectile.    B.  foaible.    Solable  in  wtter. 

Foond  in  salt  springs  m  sn  efflorescence  on  the  soil,  and  dissolyed  in  mtnersl  iraten. 
Anstris,  Saltzboig,  Bohemia,  the  Tyrol,  Hongary,  Spain,  the  Hartz,  Switxerland,  Siberia, 
Egypt    Employed  in  some  countries  as  a  substitate  for  soda  in  the  manrt&ctore  of  ^aas. 

Astiakhaiiito.— (Na  0  +  8  O^)  +  (Mg  0  -f-  S  0<)  +  4  H  0.  Transpazent 
CbL  colourless.    Efflorescent.    Soluble  in  water. 

Found  in  prismatic  crystals  in  the  salt  lakes  of  Astrakhan. 

BlKuh&Mm.—'jinhfdnma  SulphaU  of  Soda  and  Lim«f  Sem^fn$maiic  Brytkmo.  Spmr, 
JXrwi^tanm.— (XaO-f  S0>)  +  (0a0+8  0').  obUqM.  H2*6  — 8*0  G2-75 
~  2*85.  Case  52.  Frac.  oonehoidaL  Semi-transpwmit,  tmnalnowit.  Zm.  Titreons. 
OU:  coloorlees,  wliite,  gmy,  red.  iSVr.  white.  Brittle.  B.farihle.  PartiaUy  flolnble 
in  water. 

Found  in  rock  salt    Spain,  BaTaria,  Atacama,  Chili. 

TlMnudtto^Na  0  +  S  0>).  yiismatlo.  H  2*5  G2-67  — 27S.  One  52. 
I^,  conchoidal.  Transparent,  tnouluoent.  Lm,  Titreons.  W,  fnlonrinw,  widte. 
B.  fiudble.    Soluble  in  water. 

Found  in  ciystals  in  the  brine  springs  at  Salinas  d'EspartinaB,  near  Madrid. 

€kUMtit&,-8ii^haU  of  Potash,  AreemiU.'^K  0  +  S0\  piiamntle.  H2'5  — 
S'O  6  2*689  —  2*709.  Frac.  conchoidal.  Transparent.  Lui.  Titreons.  Oof.  colour^ 
leas,  white,  yellow,  gray.    Sir.  white.    Brittle.    B.  fusible.    Soluble  in  water. 

Found  on  the  la?a  of  Vesuvius  and  in  some  springs. 

WUMem^^inm^—Sufyhate  of  Ammoma.^'S{  H«  0  +  S  O^.  yilsButio.  H  2*0  ^ 
2*5  G  1*68  —  1*78.  Frac  imperfect  conehoidal.  Transparent,  tranalaoent.  Xhs. 
Titreons.  Co/.  odkrarleHi  white,  gray,  yellow.  iSf<r.  white.  Seetile.  B.  Tolatiliaea. 
Soluble  in  water. 

Fouud  associated  with  sulphur,  with  yolcanio  productions,  and  in  coal  mines.  Teeaviai, 
Etna,  SoUktara,  lipari,  Ayeyron,  Staffordshire, 

U9Xyt&, —SulphaU  ofSarytsa,  Meavy  Spar,  H^patiUy  FritnatU  Sal-Baryta. — Ba  0 
+  S  03.  pziamntic.---H  30  —  3*5  G  4-35  —  4*59.  Cases  52  and  53.  Frac  con- 
choidal. Transparent  or  trinslucent  Lut.  Titreoua.  CoU  colourless,  white,  gray, 
Uoe,  yellow,  red.  Str»  white.  Brittle.  B.  fusible  with  difficulty.  Insoluble  in  hy- 
drochloric add. 

^  Found  in  beds  snd  veins  in  various  formations.  Westphalia,  the  Harta,  Saxony,  Bohe- 
mia, Hungary,  the  Tyrol,  Transylvania,  France,  Baden,  Hessia,  Cumberland,  Surrey,  Stafford- 
ahixe,  Derbyshire.  Hepatitt  or  fetid  harosttenite  is  a  variety  of  horfftet  containing  bitumen. 
Norway,  The  Cawk  of  Staffordshire  snd  Derbyshire  is  an  opaque,  maaaive  variety  of  baiyte. 
The  white  varieties  are  ground  and  used  as  paint  All  the  salts  of  bsrytes  but  one  are 
violent  poisons.    The  nitrate  of  barytes  is  used  for  producing  a  green  flame. 

CtUMnm.-^Sulphate  of  Strontia,  Prismatic  Mal-Faryta.—St  0  -(-  S  0'.  piic- 
mnUe,  H  3*0  —  3*5  G  3*85  —  4*0.  Case  53.  Frac,  imperfect  conchoidaL  Trans- 
parent, translucent  Opaque.  Lms.  Titreons.  Col.  colourless,  white,  gny,  bhie^  ilesh- 
red.    Brittle.    B.  fusible.    Insoluble  in  hydroohlorio  add. 

Found  in  sulphur  mines,  limestones,  metallic  veins,  snd  in  fossils.  Sicily,  France,  Hun- 
gary, Lake  Brie,  Jena,  Bristol,  Switserland,  Spain,  Edinburgh.  Distinguished  ftom  beryte 
by  its  spedfie  gravity. 
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U''Sulphat$  of  Lime,  SOmiU.'^A  0  +  S  0'  +  2  H  0.  obUque. 
H  1-6  —  20  G  2*28  —  2%3d.  Case  64.  Frae. flat,  conclioidal.  Transparent,  trans* 
lucent.  Im.  vitreous.  Col,  coloarle8s,.red,  yellow,  blue,  gray.  Sir,  white.  Seotile. 
B.  fusible.    Very  slightly  soluble  in  water  and  acids. 

Found  in  new  red  sandstone,  in  older  rocks,  day,  in  solphur,  and  in  fossils.  Brunswick 
HessiSL,  Thnringia,  the  Tyrol,  Switzerland,  Paris,  Oxford,  Sicily,  Spain,  Siberia,  Yorkshire, 
Cheshire,  Derbyshire,  Nottingbamshire,  Scotland^  the  United  States.  The  large  blocks  are 
wrought  into  alabaster  figures  and  ornaments.  Calcined  and  powdered  it  forms  pUuUr  of 
Paris.     Distingnished  by  its  softness  from  limestone. 

JLaistonltet— ^^nAydb*^,  Anhydr<nu  StdphaU  ofLim*^  Cube  Spar,  Muriaeite.—Oa  0 
+  8  0^.  vflnaaUo.  H  3-0  —  3-5  G  285  —  805.  Case  54.  I^ae,  imperfect 
conchoidaL  Transparent,  translucent  Lue.  vitreous.  CoL  colourless,  white,  gray, 
yellow,  red,  blue.  Sir,  grayish-white.  Brittle.  B.  fusible  with  difficulty.  Slightly 
•oluble  in  water  and  hydroohloiic  add. 

Found  in  beds  and  veins,  and  in  clay.  Styria,  the  Tyrol,  Switzerland,  Savoy,  Italy,  New 
York,  the  Hartz,  Sweden. 

Spaomito.— /Sru/jpAtfftf  of  Magnesia,  Epeom  8aU,  Primaiie  Sitter  Sait.'-'Mg  0  4- 
S 03 -1-7 HO.  yilsmatio.  H 20 -2*5  G  17  — 1*8.  Case  55.  .^Vn^r.  conchoi- 
daL Transparent,  translucent.  Lue,  vitreous.  Col,  colourless,  white,  red.  Sir,  white. 
Taste  bitter  and  saline.    B.  fusible.    Soluble  in  water. 

Found  as  an  efflorescence  and  in  mineral  springs.  Hungary,  Bohemia,  the  Tyrol,  Spain, 
South  Africa,  Milo,  Sedlitz,  Epsom,  Chili.  Is  used  for  pharmaceutical  purposes,  but  is 
generally  obtained  by  manufacturing  chemists  from  magnesian  limestone,  and  other  sources. 

HflOotilcliito.— ^AiM^m,  Feather  Alum,  Kuir  SaU.-^lAl  0^  H-  S  O^)  H-  18  H  0- 
I  H  2.  Case  55.  IVae,  uneven.  Translucent  on  the  edges.  Lue,  dulL  OoL  white, 
I  gray,  yellow.    B.  fusiUe.    Soluble  in  water. 

Found  in  alum  shale,  coal  mines,  snd  volcanic  craters.  Thuringia,  Dresden,  Bonn, 
i   Columbia,  Bogota,  Quito,  Chili,  Milo,  Neapolitan  Solfatara. 

PolylMditA.— (K  0  -I-  S  O»)  +  (MgO-HSO3)  +  2(0aO  +  S0*)  +  2HO. 
I  prismatic.  H  3-5  G  2*73  —  2*78.  Case  55.  Frae.  uneven.  Translucent.  Zut, 
!  waxy.    OoL  red.    Sir,  white.    Brittle.    B.  fusible.    Partially  soluble  in  water. 

Found  in  Styria,  Austria,  and  Bavaria.  Derives  its  name  from  toKus  many,  and  a\s 
saltf  on  account  of  the  variety  of  its  saline  constituents. 

BwOMMiim.-SulphateofZme,  White  FitrioL—ZnO  +  S  03-|-7  H  0.  pilsmatlo. 
H  2-0  —  2*5  G  1*9  —  2*1.  Case  55.  Frac,  conchoidaL  Transparent,  translucent. 
Xta.  vitreous.  Col,  colourless,  white,  red,  blue.  Sir,  white.  Brittle.  B.  infusible. 
Soluble  in  water. 

Found  in  old  mines.  Sweden,  the  Hartz,  Hungary,  France,  Spain,  Holywell,  Cornwall. 
Is  not  found  in  great  abundance  in  nature,  but  is  prepared  artificially.  Used  in  medicine 
snd  in  dyeing.    A  permanent  white  colour.    Zine  white  is  prepared  from  it 

mthi^U.-SulphaU  of  Cobalt,  Cobalt  VitrioL  —  Co0-{-SOS  +  7H0.  obU^M. 
Case  55.    Frae,  uneven.    Translucent,  opaque.    Lue,  vitreous.  C6L  red.    Sir,  reddish- 
white.    Soluble  in  water. 
'    Found  in  old  mines.    Bieber,  Siegen,  and  Saltzburg. 

mttUnXmAXmn—Staphaie  oflrmt,  Oreen  ritriol,^¥e  0  +  S  0*  -)-  7  H  0.  oblique. 
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HS-0     «  1*8  — 1-9.     due  65.     A-a0.  oooBhoUal.    lampawt,  trtBwkwwfc    Sut, 
TxtKoiu.    Qd.  green,  irhite.   Jiir,  vidie.    Bather  brittle.    Solubk  in  TatBc 

'  Found  in  old  mSmm.    BtmxiB,  flvvden,  tbe  HArts,  Baxoi^y,  Hnogify*    UMd  in  djiBing 
and  in  the  manfiEictare  of  sulphuric  add,  ink,  and  Prosaian  Una. 

BotxyosM-— At'  JS$apiMt»  i^  Irmt,  Bsd  r4ri9r-«UI«m«.      H  i-0  —  25 

G  2-039.    Case  56.    Jf^'Otf.  oonclioidaL    Tnmalttoeiit.    2«f .  Txtreous.     GWL  ved,  tbUott. 
^S^^r.  yellow.    Sec^c.    B.  infusible.    Salable  partially  in  ^iHng  irater. 

Found  at  Fahlnn  in  Sweden.  DeriYea  its  nafme  &om  $aTpvs  a  bunch  qf  grapm,  becaoae 
it  frequently  occurs  in  the  form  of  globules  with  a  crystalline  sur&ce. 

Gopiapit»— A  hydrous  sulphate  of  iron.  Six-sided  prisms.*  Tranducent.  X«f. 
pearly.    Col.  yellow. 

Found  at  Coqnimbo  in  Chili. 

CoqiilmUte.--2  Fe  O^  +  3  S  0'  +  9  H  0«  ih—linfciiwl.  H  2-a  -S-6 
O  2*0  —  2*1.  FrM,  conehoidal,  uneyen.  TiansluofinL  CoL  white,  bluei  gneo.  Solnble 
in  water. 

Found  in  gseen  felspar.    Coqvimbo. 

Bine  Titxi6L.'^Staphaie  ofi^^ppst,  C^anose.— Oa  0  +  6O*«f5H0.'  aiMsttie. 
&2'5  O  2*19  '  2'30.  Case  55.  Frac,  conchoidal.  Bemi^tranapannty-tnnialiioaBL 
Lua.  vitreous.     Col.  blue.    Sir.  white.    Bather  brittle.    B.  fusible.    Sdfaibla  m 


Found  in  mines,  and  in  tiie  water  of  nines.  Sweden,  Hnngnyf  GemvaH,  Angfeeea, 
Wiclclow,  Seville,  Cyprus,  Siberia.  After  being  purified,  oaed  in  the  nMMinfantnrwi,  ftx 
dyeing  and  electrotyping. 

Brochantite.— /VMtfMftd  Dyitomey  MMkehHt,  irriMiMNfifew---(OK  O  ^»  fi  O^  + 
9  (Cu  0  4-  H  0).  viiflBUtie.  H  8*6  -  4-6  6  3g7  ^  »9.  One  65.  /We.  con- 
choidal. Transparent,  translucent  Lu8,  vitreous.  iSoL  green*  8tr,  green.  B.3iilai3i«. 
JSolnble  in.  aoids. 

Found  in  Siberia,  Hungary,  Iceland,  France. 

laettBomitt'^VelvH  Copp&r  Ore,  KvpferaMnmteru'-2  S02  +  60ttO4-jll03  + 
12  H  0.    Case  6S,    Capillary  crystals.    Tranrinccnt    Ltn.  peariy.    Col,  emelt%k». 

Found  with  malachite  at  Moldawa,  in  the  Banal,  coating  the  cavltiea  of  an  oxide  of  iron. 
It  Is  extremely  rare. 

Unazlte.— CiMpTtfoiM  Sulphate  of  Lead,  Diphgenic  Lead  Baryta.— (Ph  0  -|-  S  0>)  + 
(Cu  0  +  H  0).  oblique.  H  2*5  -  30  G  5^3  -  5-43.  Case  56.  /Vac.  con- 
choidal.  Feebly  translucent.  Lue.  adamantine.  OoK  deep  blue.  Sir,  pale  blue. 
Slightly  brittle. 

A  rare  mineraL    Found  at  LeadhiUs,  in  Scotland,  Spain,  and  Cumberland. 


Johaaalte.— iSfaii*ti^ae#  of  Uramtm^  Semlpritmmlio  Sueklore  Sak.- 
H  2*0  —  2*5  G  3-191.  Case  55.  Frae.  imperfect  conchoidal.  6enii-4naspai«Bt 
ijii$.  ritreoQB.  CM.  green.  Str.  gseeo.  Setifcile.  Tarte  slightly  hitter,  doliUe  in 
hydrodiloric  aoid. 

A  very  rare  mineral.    Found  at  Joachimsthal,  in  Bohemia. 

AaglMite.— ^M^Aate  of  Lead,  PrUtnaiio  Lead  BarfHk,  Lead  THHb/.— PbO+fi  0>. 
H8*0    G  6*26— 6^3.    Gase^Ur.    /Wr. ceoahoidaL  XkaDB|MBent| traoa- 
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iiidke.    Brittle.    B.  laaible.    Slightly  aofaible  in  nitrifi  acid. 

Produced  by  the  decomposition  of  galena.  Baden,  Baegen,  Sileaia,  Ibe  Hartz,  Apain, 
Siberia,  Maasacbnaetts,  Xissouri,  Anglesea*  Cornwall,  Scotland.  It  sometimes  contains 
silver. 

XimJ%nfk\^.^ SidphatO'CarbonaU  of  Lead,  Pritmatoiddl  Lead  Baryta. —  (Fb  O  + 
8  O^  +  (Pb  0  4-  C  02).  Thin  plates.  H  2-0  -  2*5  G  6-8  -  7-0.  €a«e  66. 
Transparent  Lua.  adamantine.  Col.  greenish  or  yellowish-white.  Str.  white. 
Sectile.    B.  fusible.    Partially  soluble  in  nitric  acid* 

Found  at  Leadhills  in  Scotland,  and  in  Siberia. 

■iuiuiiiitor~(Pb  0  +  S  0^  +  3  (Pb  O  +  G  0^.  xh^niMtedna.  fi  2-5 
6  6*65.  Case  56.  Transparent,  translucent.  Ziu.  rerinous,  adanantiDe.  CoL 
white,  green,  yellow,  black.  Str.  white.  B.  fuaiUe.  Paorfaally  aob^e  iai  nitric 
Kid. 

found  at  LeadhiOa  in  Scotland,  and  Moldawa,  in  the  Banat. 

Cal^dosUa.-- Cl97rA>M»  Svlphalo-CarkonaU  of  Lead,  Baraiommu  Lmd  Baryta.-^ 
ptiflm&tio.  H  2*5  —  3-0  6  6*4.  Case  55.  J^m.  uneveoi.  Tran^eient,  tranaliicent. 
£mc  reeiDoaB.  CbL  blueu  Sir.  Une.  Riiher  brittle.  B.  f  uaiUe.  Partially  acduble 
in  nitric  acid. 

A  beaotiftU  mineral."  Found  at  Leadhills  in  Scotland. 

^LmmihnXttt^—StdphatO'Tri'^farianaU  of  Lead,  AxoUmom  Laad BarfU^~{Ph  0  + 
SO^  +  3(PbO  +  C02).  pxiBmaUc.  H  2*5  G  6*26 —6 -48.  Case  56.  .Rw. 
oanohoidal.  Transparent,  traasluoent.  jCm.  xesinous.  CW.  white,  yellow,  gray,  green, 
hsown.    Str.  white.    Bal&er  britdsL     B.  Visible.    Partinlly  solnble  in  nitric  acid. 

Found  at  LeadUlls  in  eeoUaDd. 

jaiuin.— (K  0  +  S  0»)  +  (Al  0»  +  8  S  0^  +  24  H  0.  emUo.  H  M  -  2*6 
G  1*9  —  2*0.  Case  55.  ^ae.  conchoidaL  Transparent,  translucent  Lus.  litreous. 
(kL  white.    Sir.  white.    Soluble  in  water. 

Found  as  an  efflorescence  on  aluminous  rocks  and  lara.  Lipari  Idands,  Sioily,  St 
Michael,  Tharingia,  Norway,  Yorkshire.  Used  as  a  medicine,  in  dyeing,  and  in  the  manu- 
&cture  of  leather,  paper,  &c. 

•odftAHHii.-^(N«0  +  8  03)  +  (A103  +  8S08)+24HO.  rabic.  H  2*0 
—  2*5  G  1*88.  Case  55.  Frae.  conchoidal.  Transparent  Zus.  Titreoua.  Col  white. 
Str.  white.    Soluble  in  water. 

Found  in  the  Neapolitan  Solfktara,  Island  of  Milo,  and  Mendoza. 

▲nunonU  ▲bun.-^  H^  +  H  0  +  ^  0^)  +  (Al  0^  +  3  S  0^]  +  24  HO. 

enbic.    H  2*0  —  2*5  G  1*753.    Case  56.   Frae.  conchoidal.  Translucent.    Ziol  yitre- 
ous.     Cd.  colourless,  grayish-white. 

Found  in  clay  and  in  a  bed  of  brown  coal.    Thuringia,  Bohemia. 

Alvaita.-^/tim  Stone,  Bhombohedral  Alum  Sdloide.—(K  0+8  0")  + 
3(A103  +  8  0>)  +  6HO.  xhomboliedzaL  H  3*5  -  4*0  G  2*69- 2-8.  Trans- 
jiarent,  semi-transparent  Lue.  vitreous.  Cd.  colourless,  white,  yellow,  red,  gray. 
Str.  white.    Brittle.    B.  infusible.    Insoluble  in  hydrochloric  acid. 

Found  St  Tolfa,  Tuscany,  Hungary,  France.  The  Hungarian  varieties  are  so  hard  as  to 
be  used  for  mffl-stones. 
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Weltatoiite.— /Sif»ftf^Aa<0  of  Alumina,  AhmimU.'^M  0'  +  S  0'  +  9H  O.  H  1*0 
6  1*6  —  1'7.  Case  65.  Frae.  earthy.  Opaque.  Lm.  dull.  Col  white.  Btr.  white. 
Sectile.    B.  infusible.    Soluble  in  hydrochloric  acid. 

Found  in  botryoidal  concretionB  imbedded  in  clay,  at  Halle,  Paris,  Newhaven. 

Churnsdinflte. — Bi»iophane,-^A.  hydrated  sulphate  of  alumina  and  iron.  Amor- 
phous. H  1-6  —  20  G  1-922  —  1*981.  Frae. conchoidal.  Transparent, translucent 
Liu.  ritreoua.  Col  green,  brown.  Str.  grayish- white,  pale-yellow.  Brittle.  Soluble 
in  hydrochloric  acid. 

Found  in  the  alum  shale  works.    Gamsdorf  in  Thuringia,  and  Reichenbach  in  Saxony. 

▼oltaite. — Cnbio.  Frae,  uneyen^  Liu,  resinous.  Cok  black,  inclining  to 
brown  and  green.    Str,  grayish-green.    Partially  soluble  in  water. 

Found  in  the  Neapolitan  Solfatara. 

MKKfn»,-^l)od€eahedral  Amphigene  Spar,  Kosean,  Lapis  LozMh'.— cubic.  H  6'6 
—  6*0  G  2*25  —  2'6.  Case  55.  Frae,  conchoidal.  Transparent,  opaque.  L%u.  ritreoua. 
Ool.  black,  brown,  gray,  blue.  Str,  light  blue.  B.  fusible.  Dooomposed  by  hydro- 
chloric acid,  leaving  a  jelly  of  silica. 

The  brown  and  gray  variety,  nonean^  is  found  in  Toleanio  rocks.  Laach,  in  Prusaia.  The 
light  blue  and  green,  hauunt^  in  volcanic  rocks  and  lava.  Laach,  the  Rhine,  France,  Rome, 
Vesurius.  The  deep  blue,  lapi»  lazuli,  found  mixed  with  calcite,  mica,  and  pyrite.  The 
Baikal  Lake,  China,  Thibet,  Tartary,  South  America.  Valued  as  an  ornamental  stone ; 
formerly  used  as  the  only  source  of  the  beautiful  pigment  called  ultra-marine,  which  is  now 
manufactured  artificially. 

Antniim,— Oxide  of  Arsenie,  Octahedral  Arsenic  Add,  Arsmiout  Aeid,^As  0*. 
cubic.  H  1*5  G  3*699.  Case  66,  Frae,  conchoidal  Transparent,  opaque.  Xw. 
vitreous.     Col,  white.    Str.  white.    B.  volatilizes.    Slightly  soluble  in  water. 

Probably  produced  by  the  decomposition  of  ores  containing  arsenic.  Bohemia,  Tran> 
sylvania;,  Hanau,  Alsace,  the  Hartz,  the  Pyrenees.  Distinguished  from  phannacolite,  to 
whichjft  is  similar,  by  being  slightly  solable  in  water.  Artificially  formed  crystals  of 
arsenic  not  pnfy^  belong  to  the  cubical  system  but  also  to  the  prismatic,  being  then  isomor- 
pliouB  with  yalentinite.    A  very  poisonous  substance. 

FhajmiACoUte. — Arseniate  of  Lime,  ffem^prismatie  XueUus  Hahide. — 2  Ca  0  -(- 
A80»  +  6HO.  cbUqne.  H  2-0  — 2-6  G  2-64  — 273.  Case  66.  Transparent, 
translucent.  Lus.  vitreous.  Col,  white,  yellow.  Str,  white.  Sectile,  thin  plates 
flexible.    B.  volatilizes.    Soluble  in  nitric  acid. 

Found  in  Bohemia,  Baden,  the  Hartz,  Hessia,  Thuringia,  Alsace. 


B. — Anhydrous  Arseniate  of  Lime,  Berzelite, — 3  R  O  -(-  As  0^,  where  R  is 
Ca,  Mg,  and  Mn.    H  5*0  ->  60    G  2*62.    Case  66.    Frae.  uneven.     Liu,  waxy. 
Q}1.  white,  yellow.    Brittle.    B.  infusible.    Soluble  in  nitric  acid. 
Found  in  dearable  masses  at  Langbanshytta  in  Sweden. 

'Sftidingcxito.— 2>i>ruina/i^  Fuelase  ffaloide.^2  Ca  0  -f-  As  0*  +  4  H  0. 
pzism&tic.  H  2*0  —  2  6  G  2*848.  Transparent,  semi-transparent.  Xtii.  vitreous. 
Col,  white.    Str.  white.    Sectile.    B.  fusible.    Soluble  in  nitric  add. 

A  rery  rare  mineral,  supposed  to  have  been  found  at  Joachimsthal  in  Bohemia,  formeriy 
eonsidered  a  variety  of  pharmacolite. 

&occUtc.— An  arseniate  of  lime,  magnesia,  and  cobalt    pzinBAtlc    H  3  0. 
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JVotf.   oonckoidal.    Tnnaluceiit    Lut.  Titreoiu.     G>1,  red.  *  Sir,  white.    SoluUe  in 
h jdrochlorio  acid. 

An  extremely  rere  minenl,  found  at  Schneeberg. 

WhttxmMOCtMmtitm.—Ari€niate  of  Irony  Eexahedral  Liroeone  MtUaekite,^^  Fe* 
Os+2A80«  +  12HO.  oiibic.  H  2-5  G  2-9  —  30.  Caae  66.  /'Ww.  uneven. 
Semi-transparent,  translacent  on  the  edges.  Lm,  vitreons.  Col.  green,  yellow,  bxown. 
Sir.  light  yellow.    Pyroelectric.    B.  fusible.    Soluble  in  hydrochloiio  acid. 

Found  in  reins  of  copper  ores.    Cornwall,  France,  Nassau,  Saxony,  United  States. 

Symplesita*— An  arseniate  of  iron,  oblique.  H  2-5  6  2*957.  J?^»  even. 
Transparent,  transluoent.  Lus.  Titreons.  0)/.  blue,  green.  8tr.  bluish-white. 
B.  infusible. 

Found  at  Klein  Friesa,  near  Lobenstein. 

ldxaoonit^.^Octahedral  ArteniaU  of  Copper,  Lenticular  Arteniate  of  Copper, 
Chalkophaeit.—pfAmMEUAio.  H  20  —  2-5  6  2*83  —  2*99.  Case  56.  Frac.  imper- 
fect conchoidal.  Transparent,  translucent.  Zui.  yitreous.  Col.  blue,  green.  Sir.  the 
same.     B.  fusible.    Soluble  in  acids. 

Found  in  Cornwall,  Hungary,  and  Yoigtland ;  very  rare  on  the  continent 

Oliwenito. — Bhight  Prumalie  Arteniate  of  Capper,  JPrismatie  Olive  Malachiie. — 
(3  Cu  0  -t-  As  0^)  -I-  (Cu  0  +  H  0).  piiflmatie.  H  30  G  41  -  4*38.  Case  56. 
Frac  conchoidal.  Semi-transparent,  opaque.  Zua.  ritreous.  Col.  green,  brown. 
Sir.  olive-green.    B.  fusible.    Soluble  in  nitric  acid. 

Found  in  Cornwall,  Cumberland,  the  Tyrol,  the  Banat,  Siberia,  the  Asturias,  Chili. 

Suehioite.— iVrfma/tV;  Emerald  MaiaekiU,--A:  CuO-|-AsO>-l-7HO.  yiis- 
matic.  H  3*5  —  4  0  G  3*35  —  3*45.  Case  56.  Frae.  uneven.  Transparent, 
translucent.    Ltu,  vitreous.     Col  pale  green.    Brittle.     Soluble  in  nitric  add. 

A  very  rare  mineral,  found  in  mica  slate  at  Libethen  in  Hungaiy ;  named  from  wxpoui 
htaut{ful  colour. 

Scorodite. — Martial  Arseniate  of  Copper,  Byatoinic  Flmr  Maloide.—'Fe'^  0»  -|- 
As  0*  -(-  4  H  0.  piiimatio.  H  3-5  —  4*0  G  3  18  —  330.  Case  56.  Frae.  un- 
even. Semi-transparent,  translucent  on  the  edges.  Lus.  vitreous.  Col.  green,  blue, 
brown.    Sir.  white.    Rather  brittle.    B.  fusible.    Soluble  in  hydrochloric  acid. 

Found  in  Saxony,  Bohemia,  Carinthia,  France,  Cornwall,  Brazils,  Columbia,  Siberia. 

Sjinit«,~2)y«fomiV  Eabroneme  Malaehite.^6  Gu  0  -{-  As  0^  -{-  2  H  0.  H  4*5  — 
5*0  G  4*043.  Frae.  imperfect  conchoidal.  Translucent  on  the  edges.  Ltu.  dull. 
Col.  g^en.    Sir.  green.    B.  fusible.    Soluble  in  nitric  acid. 

Found  in  the  county  of  Limerick  associated  with  arseniate  of  copper,  named  erinile  on 
account  of  its  characteristic  emerald'green  colour  and  its  locality. 

Coninaiito.— 5  Cu  0  +  As  0'  -(-  5  H  0.  Amoiphous.  H  4-5  G  4*166. 
Frae.  conchoidal.    CoL  green.    B.  fusible. 

Found  with  oUvenite  in  Cornwall. 

SLlinoclase. — Oblique  Frismatie  Arseniate  of  Copper,  Strahlerz,  Aphanese,  Abiehite. 
(3  Cu  0  -I-  As  0»)  +  3  (Cu  0  -t-  H  0).  oblique.  H  2-5  -  30  G  419  -  4-36. 
Freu.  uneven.  Traislucent,  opaque.  Lus.  vitreous.  Col.  green,  dark  blue.  Sir- 
verdigris-green.    Bather  brittle.    B.  fusible.    Soluble  in  acids. 

Found  with  liroconite.    Cornwall,  Erzgebirge.    The  crystals  are  extremely  minute. 
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^noMxHrn^^Rhamboida  Arwemat$  ofCoppeTf  IHmaHe  Copptr  ifite,  CMhpifit 
— zhomboliediml.  H  2*0  6  2*435  —  2*669.  Frae.  oonchoidd.  Tiaaspmit, 
tnnalaceiit  Zus.  pearly  or  yitreooB.  CoL  green.  Sir.  giMB.  Seetlla.  %  MUe. 
flefaiUe  IB  Acide. 

Found  in  yeine  of  eopper  ovm  in  Hie  minee  of  ConwalL 

Wyw&Hltm^Kf^firuhamny  PrifBM#M Buehlare Mim,^§OaO  +  i«0»)-|-<IOiO 
+  C  0>)  +  10  H  0.  ytowtifr  H  1H>  -  2*0  G  8-02  -  8*008.  Caee  66.  frnt- 
IttoenL  Im.  peevly  or  ▼itvaow.  CM.  greoi,  Une.  Sir.  Hm  ame.  Very  mHak 
In  thin  leayee  flexible.    B.  fusible.    Salable  in  bot  nitric  acid. 

Fonad  with  ores  of  copper  in  fibrous  groups  of  a  delicBte  silky  laslre.  Hm  Ijni 
Hungary,  the  Banat,  Thuringia. 

Xonlchnlolte— 2  (R  0  +  As  0*)  +  3  H  0,  whereEis  Caand  Ga.  H  4^-4^ 
6  4*123.  .Frae.  epUntery.  Translucent  on  the  edges.  Xus.  yitreous.  CoL  giees. 
Str.  green.    Brittle. 

In  reniform  masses  supposed  to  have  been  found  at  Hinojosa  in  Andalusia. 

lExjtbxinm.'-Bsd  Cobalt,  Cobalt  Bloom,  Aramiaie  of  CMU^  PrimnmtU  Cobalt  Kmr- 
8  Co  0  +  As  0*  4-  8  H  0.  obUqne.  H  1*5  —  20  G  2-9  —  31.  0 
Transparent,  translucent  Col.  red,  gray,  green.  Str.  red.  Sectile.  In  thin  phta 
flexible.    B.  fusible.    Soluble  in  hydrochloric  acid. 

A  beautiftd  mineral,  found  in  beds  and  yeins  with  ores  of  cobalt.  Saxoor,  Bohenk 
Thuringia,  Hessia,  Baden,  Dauphin^,  the  fN^ienees,  Norway.  When  found  in  voStnea 
quantity,  it  is  used  in  the  manufacture  of  smah.  Distinguisbed  from  sed  sBChnooy  aadivi 
copper  ore  by  yielding  a  blue  glass  with  borax  befbre  tiie  blowpipe. 

Sotttetta.— ZnO  +  A8  0*  +  8HO.  ^Aliqw*.  H2'6  — 30  G3'L  7b» 
looeatk    Lm,  siUcy.    Col,  red.    Sir.  reddish^white.    SolaUe  in  aoids. 

Found  with  smalline  in  the  Daniel  mine,  Sehneeberg. 

Aaaaberglte.— ^rMitMfo  of  Kiekel,  NieM  Bhom.^9 NiO  +  AaO^  +  SHa 
obUque.  H  2-5  -  3*0  G 3078  —  3-131.  Case  66.  CoL  gieen.  Str.  gnaa^ 
irhite.    B.  fiiaible.    Soluble  in  mtric  aeid. 

Found  in  the  Hartz,  Hessia,  Thuringia,  Saxony,' Bohemia,  Dauphine,  Texas. 

ViwiKDitb»— Phosphate  of  Iron,  Blm  Iron,  Diehromatie  JSndau  JETaloUe,  M^enU^ 
MulUcite,  Priamaiie  Iron  JdMM.—Z  FeO+PO*4-8HO.  obU%iM.  H IJ- 
2*0  G  2-6  —  2*7.  Case  57.  Transparent,  translucent.  Lut,  pearly,  yitieoas.  01 
green,  blue.  Str.  white,  becoming  blue  on  exposure  to  air,  powder  of  thexmcc^. 
brown.    Sectile.    Thin  plates  flexible.    B.  fusible.    Soluble  in  hydrochloric  adi 

Found  in  mineral  veins  and  lava,  the  earthy  varieties  in  peat-bogs.  TransylvaniA.  Ccia 
wan,  Bavaria,  New  Jersey,  Isle  of  France,  Crimea,  Shetland  IsLrnds,  Isle  of  Mao.  ^^^ 
times  used  as  a  pigment 

Bnfireikite.— PAofjvAo^  of  Iron,  OruneUen  Stein,  Oroen  Iron  Sarfh, 
pxlsmatic.    H  40    G  3*50  —  3*55.    Case  57.    Tnmspazent,  opaque.    Lvs. Titnott 
Cb/.  green,    ^^r.  light  green.    Brittle.    B.  fusible.     ScdubleinhydrDdJariesdd 

Found  at  Siegen,  Hirsohberg  in  Beuss,  and  Limoges  in  France. 

Wadochito.— Fe03  +  2PO  +  4  (Pe  0»  +  S  0^)  +  32  H  0.  imorpho* 
H  30  G  2-035  —  2*037.  Case  57.  Frae.  conchoidal.  Translucent,  opaque.  M 
yitreous.     Col  yellow,  brown.    Str.  white.    B.  fusible  on  the  edges. 

Found  in  alum  shsle  works  near  Grafsnthal  and  Saalfeld  in  Thurin^a. 
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L^Jtoi  ApmiiU,  Irm  Ap^JHu^l^  Fl  +  (B  O  +  P  0«),  whm  K  ia  Fei 
H  fl'O  Q  8^.  ^fw.  ixnpcxieot  oonchoidal.  TraxukiAentDn' 
<koedg«L  XM».XQiiiMMii»  €W.  el&Te-ltiovn.  &r.  gnjiah^wUte.  3»fa«iblQ,  Solniblc' 
in  hot  iKydroeUorie  acid. . 

Found  in  ciTStalline  masses  at  Zwisel  in  -BaTBria. 

TiipUto.— PAo«pAa<0  ofMangeatne^  FUehy  Tron  Ore.^(i  Fe  0  +  P  0*)  +  (4  Mn 
O  4-  P  0«).  yiismatie.   H  6*0  -^  6-5  G  d-S  —  8*8.  Case  67.   ^mi  imparl  con- ' 
choidal.     Transliicent  on  the  edges,  opaque.     Lus.  resinoua*     CoL  brawaiab-Uadc. 
3tr,  jellowialii-gmy.    BrittLa.    B.  foaible.    Soluble  in  bydiooblono  acid. 

Found  in  ciTBtalline  masses  in  granHe.    Fkranee,  UnHed  Btateo. 

TwijBhjUn^^—Teiraphjffiney  Pmneskhm.-fJA  0  +  P  0«)  +  6  (3  Fe  0  -(-  P  0>). 
oblique.  H5'0  G  3*6.  Case  57.  Frar.  imperfect  concboidaL  Translucent  os  the 
edges.  Ltu,  resinoua  Col,  greenish-gray,  spotted  with  blue.  8tr.  grayish-white. 
B.  fusible.    Soluble  in  hydrochloric  acid. 

Found  in  granite  accompanied  by  beryL    Babenstein  in  Bavaria. 

BelTauxlne.— 2>0/vaMrt'^«.— 2  Fe^  0^  -|-  P  0^  -^  24  H  O.  Amorphous.  H  2-5 
O  1*86.  Caae67.  Fr««.  eonchoidaL  Opaqu%  translucent  on  the  edges.  Zim.  waxy. 
Coi.  black,  browsi,  yeUow.  <S/r.  light  brown.  B.  f unUe.  Soluble  in  hydrochloric 
acid. 

Found  near  Yis^  in  Belgium. 

BetMroBlt6.-5  BO  -f  !P  O  +  2  H  0,  where  B  is  Fe  and  Mn.  okllqne. 
H  4*5  —  5*5  G  3 '524.  Case  57.  Frae,  uneven.  Translucent  on  the  edges,  opaque. 
Lus.  reamous,  duB.  €bL  gray,  blue,  yiolet  Str.  led.  B.  fuaiUa.  Solubld  in  hydro- 
chloric acid. 

Found  in  granite.    Hareault,  near  Limoges  in  France. 

KujeaiUita.— jr«raWa#.— 5  B0-|-P0»-|-8H0,  wh«re  B  ia  Mn  or  Fe. 
obUqvet  H  5-0  G  2-270,  Frac.  conchoidal.  Transparent.  Li*s.  yitreous.  Col. 
yellow,  red,  brown.    B.  fusible.    Soluble  in  hydrochlorio  acid. 

Found  in  granite.    Hureault,  near  Limoges  in  France. 

tdh9ihBvitt,^PhoaphaU  of  Cof^ir,  Prism^Hc  OHmMUf  J>ipHsmaih  Olke  Mal^ 
ehae,—(Z  Cu  0  +  P  0*)  -i-  (Cu  0  -I-  H  0)  prismatic.  H  40  G  3*6  —  3*8. 
Case  57.  Frae,  oonohoidiil.  Tranaluoent  on  the  edges.  Xto,  resinous.  O)/.  oliye- 
green.    Str,  oUve-green.    Brittle.    B.  fusible.    Soluble  in  nitric  aoid. 

Found  in  mifia  slate  and  with  malachite.  Hungarj',  the  Bhine,  CcznwaUi  theUrrl, 
Chili. 

Xsypte]ite.--jBrr9fipe0^A.--A  phosphate  of  oxide  of  oeriunu  G4*0.  Tnnsparent. 
CoL  pale  yellow.    Decomposed  by  warm  hydxoohlorio  acid. 

Found  in  parallel  acicular  oryatals,  imbeddad  in  massiTS  apatite,  tma  whiflh  it  ia  seja* 
fftted  by  diaacdring  the  apatite  in  dilute  nitric  acid.    Arendal  in  Norway. 

Vluroa]»aUta.«3  Cu  O -f  2  P  O"  +  6  H  0.  H  3*0  .-.4*0  G  3-381  •i^  3*40 1. 
Pfw,  oonchoidaL  Opaque,  translucent  on  the  edges.  Zut.  Titreoos.  CoL  graop* 
8ir.  green.    Brittle.    B.  fuail^e. 

Fonnd  massire  with  maJacbike  in  Umastone.    Betsbinja  in  Hungary. '  . 
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iMnaiimn— Hydrous  FhoaphaU  of  Copper,  SemipritmaUc  SystomB  MtUckUe^  Phom- 
phoehaUite,  pwuio  mafachiis,-^Z  Ga  0  +  P  0*)  +  ^  (Ca  0  +  H  0).  oUiqm*. 
H  4*6  —  5*0  6  4  0  —  4-4.  Frae,  oonohoidaL  Semi-transparent,  tnndttoent  cm  the 
edges.  Zfi0.  Titreons.  Col,  green.  8tr.  green.  Brittle.  B.  fiisiUe.  Stdnble  in 
nitric  add. 

Fouad  in  gnunrtoke-slate.    BaTaria,  the  Rhine,  Benss,  the  Ural. 

EhUte.--6CuO  +  PO«  +  8HO.  H 1-5  — 2-0  G  38.  iAit.  peailj.  CWL 
green.    Sir.  pale  green. 

Found  in  reniform  and  botryoidal  masses.  The  Rhine,  the  UraL  The  Ktgpferiiatpon^  a 
fihroos  mineral  from  Libethen,  ia  supposed  to  be  ekUU. 

Autuaitt^—YeUow  VrtmiU,  Vrmn^mica,  Photphaieof  Uranwm,  Pyramidai  Euehlore 
Jffl^At^.— (Ca  0  +  P  0«}  +  (2  IJ>  03  +P  O'')  +  8  H  0.  pyiamidal.  H  1-0 
—  2*0  G  3*0  -—  3-2.  Case  57.  Transparent,  tranalnoent  Lut,  pearly,  Titreoas. 
Col  yellow,  green.    Sir  yellow.    Sectile.    B.  fusible.    Soluble  in  nitric  acid. 

A  beautiftil  mineral,  found  in  granite  near  Autxm,  and  near  Limoges  in  France.  Dia- 
tinguished  from  green  mica  by  being  soluble  in  nitric  acid,  and  by  the  brittleness  and  in* 
elasticity  of  its  thin  laminae. 

TOflMfftte.— CbppfT  Vranitey  ChaleoUti,  Pyramidal  Euehkro  MaJaehiU,  Orem  Urm' 
m/«.— (Cu  0  +  P  0»)  -f  (2U»0»  +  P0»)  +  8H0.  vfimmliA  H20  — 2-5 
G  3*5  —  3*6.  Case  57.  Transparent,  translucent.  Ltt8,  pearly  and  yitreous.  Col. 
green.    Sir,  green.    Rather  brittle.    Soluble  in  nitric  add. 

Found  in  slate  and  granite.  Saxony,  Bohemia,  Bavaria,  Cornwall,  United  States,  Bel- 
gium. 

Zenotlme — PhotphaU  of  Tttria,  Phoaphyttrito.—Z  T  0  +  P  0«.  pyiamidal. 
H  4*6  —  5*0  G  4*39  — 4*557.  Case  67.  Frac.  splintery.  Tranalucent,  tiwusluoent 
on  the  edges.  Lus.  resinous.  Col.  brown.  Str.  light  brown.  Brittle.  B.  infudble. 
Insoluble  in  acids. 

A  very  scarce  mineral,  found  in  granite.    Norway  and  Sweden. 

Wawellite. — Zasioniie,  DevoniU,  Phosphate  of  Alumina^  Prieinatie  WaiUSHne 
Hakide.—Z  Al  0'  +  2  P  0»  -f-  12  H  0.  pzinBftUo.  H  3*6  -  40  G  23  -  2-4. 
Case  67.  Frae.  imperfect  conchoidaL  Transparent,  translucent.  Imm.  Titreoas.  Cel. 
colourless,  gray,  green,  yellow,  brown.  Sir.  white.  Brittle.  B.  infusible.  Soluble 
in  acids. 

Found  inflate  and  granite.-  Beronshire,  Cornwall,  Ireland,  Scotland,  Bohemia,  Saxony, 
Greenland,  the  Brazils,  PennsylTsnia. 

Oibbslte.— ^y<frar<7yfftY0,  FeUobmyiU.-'Ai  0'  +  P  0*  -f  8  H  0,  mixed  with 
Al  03  +  3  H  0.     Botryoidal  masses.     H  30    G  2*20  —  2*44.    Case  19.     Feebly 
translucent.    Zuc.  dull.    Cel.  greemsh,  grayish,  yeUowish-white.     Brittle,    B.  in- 
fbdble.    Insoluble  in  hot  hydroohlorio  add. 
«     In  a  mine  of  brown  hematite.    Richmond,  Massachusetts. 

Xlapvotliln«.-Lacii/i^,  VorauUto.  AmriU,  Blue  Spar.^2  (R  0  +  F  O*)  +  (Al  0> 
•+3P0*)  + 8H0,  where  R  is  Mg,Fe,  and  Oa.    oblique,    H6'0*-5'5    G80- 
*8*121  -Case  57.    /Va«.  une^ran.     Transparent,  opaque.    Xw.  Titreons.     Col.  blue. 
Str,  white.    Very  brittle.    B.  infusible.    Not  soluble  in  acids. 

Found  in  crystals  and  massire.     Saltsbuig,  Styria,  Lower  Austria,  the  Bxasila. 
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S«zA«ilt#t — PrisnuUie  Fluor  Maloide, — ^An  anhydrous  phoephate  of  lime  and  alu- 
mina and  hydrofluoric  acid.  pxiamatio«  H  5*0  6  2-986  —  2*99.  J'rae,  con- 
choidal.  Transparent.  Lut.  Titreous.  Col,  yeUow,  white.  Sir,  white.  Yeiy  brittle. 
B.  fusible  Urith  difficulty.    Soluble  in  hot  hydrochloric  acid. 

Found  very  rarely  in  the  tin  mines  of  Ehrenfiriedersdozf  in  Saxony.  Its  crystals 
resemble  those  of  that  variety  of  apatite  which  is  called  asparagus  stone. 

Aaablygonlte^— Pmffia/ti0  AmhlygoniU  Spar, — A  phosphate  of  alumina,  piio- 
matio.  H  6'0  0  3*045  —  3*11.  Case  57.  Fra«.  uneren.  Semi-transparent,  trans- 
lucent. Lu8.  yitreous.  Col.  white,  gray,  green.  S&r.  white.  B.  fusible.  Soluble  in 
sulphuric  acid. 

Found  with  toormsline  and  topaz  in  granite.    Saxony,  Norway. 

TojrqmolM. — CalaiUj  VneleavabU  Azure  Spar. — A  hydrophosphate  of  alumina. 
uaoKphovn.  H  6*0  G  2*62  —  3*0.  Case  57.  Frae.  conchoidal.  Translucent  on 
the  edges,  opaque.  Lut,  waxy.  Col.  blue,  green.  Sir.  greenish-white.  Not  yery 
brittle.    B.  infusible.    Soluble  in  hydrochloric  acid. 

Found  in  reniform  and  botryoidal  masses.  Persia,  Thibet,  Silesia,  Lusatia,  Saxony. 
Sold  in  the  large  towns  of  Persia  in  small  masses,  but  in  great  quantities.  Cut  and  polished, 
it  is  used  for  ornamental  purposes ;  when  its  colour  is  good,  it  is  greatly  valued  as  a  gem. 
The  oeeidental  iurquoiMe,  from  Lower  Languedoc,  is  a  very  different  substance,  being  bone 
coloured  with  phosphate  of  iron. 

nfl€hexite^-.2  Al  0>  -|-  P  0*  +  8  H  0.    H  5*0    6  2*46.    Transparent     Lus. 
Yitreous.     Col.  green.     Soluble  in  sulphuric  acid. 
Found  in  small  six-sided  prisms.    The  Ural. 

SLakokene.  — A  hydrophosphatc  of  alumina  and  iron.  6  2*336  —  3*38.  Case  57. 
Translucent,  opaque.  Lut,  pearly.  Col.  yellow.  Sir.  yellow.  B.  fusible.  Soluble 
in  acids. 

Found  in  Bohemia,  Bavaria,  and  the  United  States.  Derives  its  name  from  kokos  bad 
s&d  |eyos  a  gutst,  on  accoant  of  the  injorioas  effect  of  the  phosphorus  which  it  contains  on 
the  quality  of  the  iron  extracted  ft-om  it  as  an  ore. 

Cbildzenite. — A  phosphate  of  alumina  andiron.  yriraiaUc,  H  4*5  —  5  0. 
Case  57.  Frae.  uneyen.  Transparent  Lut,  yitreous.  Col,  white,  yellow,  brown. 
Sir,  white. 

Found  on  slate  and  quartz.     Crinnis  in  Cornwall  and  Devonshire. 

Wagneiito.— J7mt>rMma/»e  Fluor  Sahide.—Ji^  F  +  3  Mg  0  -(-  P  0*.  oblique, 
H  6*0  — 5-5  6  2*98^313.  Case  57.  i^/a«.  conchoidal.  Transparent,  translucent 
Lut.  yitreous.  CoL  yellow,  gray.  Sir.  white.  Brittle.  B.  fusible  with  difficulty. 
Soluble  in  hot  nitric  acid. 

An  extremely  rare  mineral,  fonnd  in  crystals  with  qoartz  in  the  crevices  of  a  clay  slate 
rock  in  the  valley  of  HoUengraben  in  Saltzburg. 

lloiiamtf  ■ — MetiffilSy  Edwardntt^  Brtmile, — ^A  phosphate  of  the  oxides  of  cerium 
and  lanthanium.  obUqne.  H  6'6  G  4*8  —  5*0.  Case  57.  Frac,  uneyen.  Semi- 
transparent,  translucent  on  the  edges.  Lut,  resinous.  Col.  brown,  red.  Sir.  reddish- 
yellow.    B.  fusible  with  difficulty  on  the  edges.     Decomposed  by  hydrochloric  acid. 

Fonnd  in  a  mixture  of  felspar,  albite,  and  mica.    Siberia  and  the  United  States. 

Ttj*9mkioigp'kdtt,^FhoaphaU  of  Load,  Folytpharito,  MiwiU,  Hhomhohedral  Lead 
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^afyte.~CPbO  +  0I)  +  S(3PbO-|-PO»).  tlionbA«dMl.  H  8-4— 4<e  06-9 
—  7*1.  Case  67  a.  Frae.  impetfect  condioidal.  Semi-transpaMnt  Litf.  mixKiia. 
Cd.  green,  brown,  TeUor,  grty.    BritUe.    B.  funble.    Solablc  in  nkrio  maiL 

Found  with  galena.  Bohemia,  Saxonj,  Baden,  the  Hartz,  France,  Hongaij,  Cornwall, 
Cumberland,  Duoliam,  Yorkshire,  DexbTshire,  Seotiand. 

BUmetite. — ArttniaU  ofLeady  Braehfftypoua  Lead  Baryta^  JrtenUe,  Htdypkane.'— 
Pb  CI  -f  3  (3  Pb  0  +  Aa  0<).  rlioniboliednl.  H  3-5  —  i-O  B  7'IB  —  7*28. 
Case  57  a.  Frae.  imperfect  conchoidal.  Translucent  Lus.  resinous.  CbL  green, 
yellow.    Sir.  white.    Brittle.    B.  fusible.    Soluble  in  nitric  ftcid. 

Found  with  galena.    Saxony,  Baden,  Cornwall,  Devonshire,  Cumberland,  France. 

Apatite  —Phosphate  of  Limey  TaVcapatite^  Franeolite,  Moroxite^  Asparagus  Stone, 
Phosphorite,  Rhombohedral  Fluor  ffaloide.^Xti  Fl  +  3  (3  Ca  0  +  P  0»).  tSMM&lM- 
liedral.  H  5*0  G  318  —  3*21  Case  57  B.  Fra(?.  conchoidal.  Tranapianent,  t3VB»- 
lucent.  Lus,  vitreous.  Col.  colourless,  white,  gray,  blue,  green,  3rellow,  red,  brown. 
Str,  white.    Brittle.    B.  fusible  with  difficulty.    Soluble  in  hydrodilorio  acid. 

Found  in  granite,  gneiss,  slate,  marble,  basalt,  and  in  metallic  veins.  Spain,  the  Tyrol, 
Bohemia,  Saxony,  Cornwall,  Devonshire,  Cumberland,  Norway,  United  States,  Bavaria, 
France,  the  Ural.  Named  apatite  by  Werner,  from  aurterau  to  deceive,  on  account  of  thA 
deception  it  so  long  caused  to  the  older  mineralogists. 

Fhoigenit*.— ilft<rtb  Carbonate  of  Lead,  Horn  Lead,  Comemu  Lead. — ^Pb  CI  + 
Pb  0  +  C  0-.  pyzamidal.  H  3-0  G  6-0  -  62.  Case  57  b.  Frac,  conchoidal. 
Transparent-translucent.  Xuf.  adamantine.  Col.  colourless,  white,  gray,  yellow, 
green,  brown.    8tr.  white.    Brittle.     B.  fusible.     Soluble  in  nitric  acid. 

A  very  rare  mineral.  Found  in  cr}-stals  and  globular  masses.  Matlock  in  Derbyshire^ 
Cornwall,  Massachusetts. 

Sodalite. — Dodeeahedral  Amphigene  Spar,  Ihdecahedral  Zeolite.— "^e^  CI  -|-  3  (Xa  0 
-f  Si  02)  4-  3  (Al  03  +  Si  0^).  cubic.  H  6  0  G  2*287  —  2-292.  Case  57  b. 
Frae.  conchoidal.  Semi-transparent,  translucent,  Lus.  vitreous.  Col.  colourlesa,  white, 
yellow,  green,  gray,  blue.  Str.  white.  B.  fusible.  Decomposed  by  hydrochloric 
acid,  leaving  a  jelly  of  silica. 

Found  in  lava,  mica  slate,  and  syenite.  Sicily,  Greenland,  Siberia,  Norway,  United 
States. 

Budialyte,— 22/wwfcA^rflZ  Ahnandine  Spar.— 2  (R  0  +  Si  0^)  -J-  (Zr  0  -f-  Si  0=) 
where  R  is  Na,  Ca,  Fe,  and  Mn.  xhombolLedral.  H  5-0  —  5-5  G  2*84  —  2-95. 
Case  57b.  Frae.  oonchoidaL  Translucent  on  the  edges.  Opaque.  Lus.  yitreoos. 
CoL  red.  Str.  white.  Slightly  brittle.  B.  fusible.  Partly  decomposed  by  hydro- 
chloric acid. 

Found  at  Kangerdlnarsuk,  in  West  Greenland. 

VyroBmaMtt.—Axoiomoue  Ferl  Miea.—U  (Fe  0  +  Si  O*)  -f  16  (Mn  0  -f-  Si  0^) 
+  3  (Fe^  0>  +  H  0)  +  Fe'^  CP.  zhombohedial.  H  40  ->  4*5  0  9*0  --  S-2. 
Case  57  B.  Fi-ae.  uneven.  Translucent,  opaque.  Lus.  pearly  or  resinoiu.  CoU 
brown,  green.  Str.  lighter  tiian  the  colour.  B.  fusible.  Decomposed  by  hydro- 
chloric acid. 

A  rare  mineml.    Found  in  attached  and  imbedded  crystals.    Sweden. 

TUxar -Flmfe  of  Lf'me,  Octahedral  Fluor  Haloide,  Fluor  Spar.-^JOkVi.    evbie 
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H  4^0  6  8*017  —  3-188.  Case  58.  FV^e,  eonchoidal.  Tmuiwraiit,  tnutslnoent 
Lu9.  Titreotu.  Col  colonrlesi,  white,  gray,  yellow,  red,  blue,  green,  black.  8tr.  wMte, 
Brittle.    B.  inftisible.    Soluble  iu  nitric  and  hydrochloric  adda. 

Fovnd  in  reins  in  tertiary  limestone,  porphyry,  and  porphyritic  greenstone.  Saxony, 
Bohemia,  Baden,  Cornwall,  Devonshire,  Derbyshire,  Cumberland,  Northumberland,  the 
Banat,  Norway,  Paris,  Benfrewshire,  Siberia,  United  States,  Mexico,  Yesuvios.  The  large 
crysAlline  masses  of  Dertyshiro  presenting  a  ooneentric  anrangezaent  of  various  colours, 
principally  blue,  is  known  by  the  name  of  BUu  John.  It  is  turned  on  the  lathe  into  vases 
and  other  ornaments.  Fluor  is  used  as  a  flux  for  the  metallic  ores,  hence  its  name  from 
the  Latin  fluo  toJUm, 

Flnellite. — ^J^iior/e^^^^/tfinmwm.— pxiamatio.  Case  58.  Translucent.  Co/, 
▼hite. 

A  very  rare  mineral,  found  on  granite,  at  Stenna  Gwyn,  in  Cornwall. 

Fl«oceiite.— J\r<w<r«/  FhtaU  af  Ctrmm.-JGe  F  +  Ce^  F^  ilioaabohedzal. 
H  4-0  —  6-0  G  4*7.  Case  68.  Frae.  uneren.  Opaque.  Lus.  feeble.  Col.  led, 
yeUow.    Sir.  yellowish-white.    B.  infusible. 

A  veiy  rare  mineral,  found  in  albite  and  quartz.    Broddbo,  near  Fahlun,  in  Sweden. 

TttsrOGCVite.— pyrwnu^  Cmum  Sar$ta.—0%,  F,  Y  F,  Ce  F.  Case  58.  Frac. 
uneven.  Translucent,  opaque.  Im$.  yitreouB.  Cs/.  purple,  blue,  red,  gray,  white. 
Sir.  white.    Brittle.    B.  infusible.    Decomposed  by  sulphnric  acid. 

Found  in  quartz.    Sweden,  Massaohusetta. 

Cldiollte.--8  Na  F  +  2  Ai  F^  pymmkbO.  H  40  G  284  --  200.  Cm  68. 
Transparent,  tnnslncent  Lm.  resinous.  Col.  colourless^  white.  B.  fosible.  Dccotn* 
poflcd  by  suiplmrio  acid. 

Found  in  granite.    Miask,  in  Siberia. 

: Cryolite.— 3  Na  F  +  Al  F^.  pziomatic.  H  2'5  -  30  G  2-958  -  2-963. 
Case  58.  Frac.  uneven.  Semi-transparent,  translucent.  Lus.  vitreous.  Col.  white, 
yellow,  red,  brown.  Str.  white.  Brittle.  B.  fusible.  Soluble  in  strong  sulphuric 
acid. 

Found  in  gneiss  and  granite.    West  Greenland,  Siberia. 

Ghodnewlte— 2  Ka  F  +  AI  F^.  H  40  6  30  —  3-08.  Transparent,  trans- 
lucent. Lus.  resinous.  Col.  colourless,  white.  B.  fusible.  Decomposed  by  sul- 
phuric acid. 

Found  in  granite.    Miask,  in  Siberia. 

Xcttooyhaae.— 3  (Ca  0  +  Si  O^)  +  (3  G  0  +  2  8i  O'^)  +  2^a  F.  woKtkio. 
H  3-5  —  40  G  2-974.  Frue.  uneTen.  Transparent,  translucent.  Lut.  vitreous. 
Col.  yellow,  green     &ir,  white.    Very  tough.    B.  fuaible. 

Found  imbedded  in  syenite,  near  Brevig,  in  Norway. 

Topaa.— Prtwwfu?  7\>paz,  Pycnite,  Pyrophyaalite.--^  Al  F^  +  8  Si  F'  +  12  (Al  0' 
-f-  Si  0^}.  ptfmmMo.  H  80  G  3-4  —  3*6.  Case  6S  a.  Dtm.  oaniboidaL 
Transparent,  timnslucent  on  the  edges.  Zut.  ritreous.  Col  coloorlen,  white,  yellow, 
red,  blue,  green.  Str.  white.  B.  infusible.  By  ignition,  the  yellow  Ysrieties  become 
red,  and  the  pale  yellow  colourless,  without  losing  their  tran^Mureney. 

Found  in  granite,  gneiss,  and  porphyry.  Siberia,  Moravia,  Asia  Minor,  Ssxony,  the 
Brazils,  Bohemia,  Cornwall,  Ireland,  ScoUand,  Sweden..  New  South  Wales.    The  purest 
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varieties  from  the  Brazils,  called  the  Gouite  d^eau^  when  cut  in  fiusets,  like  the  diamottJ, 
closely  resemble  it  in  lustre  and  brilliance.  The  topas  is  used  as  an  ornamental  stone. 
The  Brazilian  topaz,  which  has  been  made  red  by  exposure  to  heat,  when  polished,  can  be 
distinguished  from  the  bales  ruby  only  by  its  becoming  electric  by  friction. 


B.'-Chondradiiey  Eemiprumatic  Ckrytoiite^  Maehwrite^  Brueite.  —3  (2  Mg  0 
-f  Si  0^  4-  Mg  Fl.  oblique.  H  6'5  Or  3*10  -  3*20.  Case  58  a.  Ffw.  uneven* 
Transparent^  tranalucent.  Lut,  Titreoiis.  Col.  jollow,  brown,  gray.  Sir,  white. 
B.  infusible.    Soluble  in  hydrochloric  acid,  leaying  a  jelly  of  silica. 

Found  in  limestone  end  dolomite.    Finland,  Sweden,  United  States,  VesuTius. 

Salt.— Iftirta^  of  Soda^  Chloride  of  Sodium,  Roek  5a//.— Na  CI.  cubic.  H  2*0 
G  2*22.  Case  59.  l^ae,  conchoidaL  Transparent,  translncent.  Iau,  yitreous.  CW. 
colourless,  white,  gray,  yellow,  red,  green,  blue.  Sir,  white.  Taste,  saline.  Bather 
brittle.    B.  fusible.    Soluble  in  water. 

Found  widely  disseminated,  in  thick  beds  and  masses  in  rarious  formations,  and  as  an 
efflorescence  covering  large  tracts  of  country.  Hungary,  Moldavia,  Styria,  the  Tyrol, 
Bavaria,  Wurtemberg,  Switzerland,  Spain,  Cheshire,  the  Brazils,  Mexico,  Africa,  Arabia. 
Used  extensively  for  culinary  purposes,  agricultural  and  metallurgic  operations,  also  in  the 
manufacture  of  earthenware,  soap,  soda,  Sic. 

BflTiJte.— 'Chloride  of  Potassium.—K  CI.  cubic.  6  1*9  —  2*0.  Transparent, 
translucent  Lue.  yitreous.  Col,  colourless,  white.  Taste,  salt,  rather  bitter. 
B.  fuses  and  yolatilizes.    Soluble  in  water. 

Found  in  crystals,  and  as  an  efflorescence.    Vesuvius. 

8ftl  Aauttcniao. — Muriate  of  Ammonia,  Octahedral  Ammonia  Salt,  Salmiak.''- 
N  H«  CI.  cmbic.  H  1*0  —  20  G  1-528.  Case  59.  Transparent,  translncent 
Lus.  vitreous.  Col.  colourless,  white,  gray,  yellow,  brown,  black.  Str.  white.  Taste, 
saline.    Very  sectile.    B.  volatilizes  without  melting.    Soluble  in  water. 

Found  in  crystals  and  massive.  Vesuvius,  Etna,  Soliktara,  Lipari,  Bourbon,  Iceland, 
Bucharian  Tartary,  Himalaya  Motmtains,  France,  Scotland,  Newcastle.  Employed  in 
medicine,  metallurgic  operations,  and  in  tinning  and  soldering. 

Gotiumitc.— Pb  CI.  piiunatio.  G  5*238.  Case  59.  Transparent  Lut. 
adamantine.     Col.  colourless,  white.    Str,  white.    B.  fusible.    Soluble  in  water. 

Found  in  the  crater  of  Vesuvius  after  the  irruption  of  1822. 

BbtttocUto.— Pb  a  +  Pb  O.  pyramidal.  H  2-5  —  80  G  7*21.  Case  59. 
Frae.  uneven.  Transparent,  translucent  Liu.  adamantine.  Col.  yellowish.  ,B. 
fusible. 

Found  in  old  heaps  in  the  Cromford  level,  nesr  Matlock. 

Xendipitc— JTifrajsne,  Peritomoue  Lead  J7aryte.— Pb  CI  +  2  Pb  0.  prismatic. 
H  2-5  —  3*0  G  70  —  7*1.  Case  59.  Frac.  eonohoidal.  Translucent  Lus.  ada- 
mantine. Col.  white,  yellow,  red,  blue.  Str.  white.  B.  fusible.  Soluble  in  nitrie 
acid. 

Found  with  ores  of  lead.    Mendip  Hills,  Somersetshire,  Westphalia. 

WLmmoliEdtt.— Muriate  of  Copper,  Smaragdoehaleit,  Atacamtta.-^n  Gl  +  8  (Cu  0 
+  H  0).  prismatic.  H  30  -  3*5  G  3*69  -  3*71.  Case  59.  F^w.  oonchoidaL 
Semi-transparent,  translucent  on  the  edges.  Lut.  vitreous.  Col.  green.  Str.  green. 
Bather  brittle.    B.  fusible.    Soluble  in  aoids. 

Found  in  veins  and  aa  a  volcanic  product  Los  Bemoilinos,  Gnasko,  ChUi,  Peru,  Saxony, 
Vesuvius,  Etna. 
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CimtkitUHU.^^ulphaiO'Mfnde  of  Oopper.  vhombohttdiftL  Lm#.  TitreooB. 
naiMliioent.    CoL  blue.    B.  fucible.    Soluble  in  bydiochlorio  acid. 

Found  with  aneniate  of  oxide  of  copper.    Cornwall. 

PMCylite  — ^  Sydrochhride  of  Zead  and  Coppir,  ombie.  H  2*5.  Cue  59. 
Xf».  Titreous.    Cbi,  tkj-blue.    S(r,  tbe  same.    SduUe  in  nitric  acid  by  boiling. 

Found  with  gold  in  a  matrix  of  quartz.    La  Sonora  io  Mexico. 

SLMntta. — MitriaU  of  Silver,  JECexahedral  Perl  Zerate,  HormUver.—Ag  CI.  eubio. 
H  1*0  —  1*5  6  5'66  —  5*60.  Caae  59.  JFirac.  conchoidal.  Transparent,  translucent 
on  the  edges.  Lue.  waxy.  Cd.  pearl-gray,  blue,  green,  brown,  yellowish-white. 
8tr»  shining.    Malleable  and  sectile.    B.  fusible.    Soluble  in  ammonia. 

A  rare  mineral,  fbxmd  in  veins  with  ores  of  silyer.  Mexico,  Pern,  Chili,  Siberia,  France, 
Cornwall,  the  Harts.    Derives  its  name  fix>m  Kcpas  horn,  on  occount  of  its  appearance. 

Bmbolito.— 2  Ag  Br  +  3AgCl.     cubic.      H  20    Q  6-789  —  5*806.'  Fror. 
hackly.    Lue,  adamantine.     CoL  yellow,  green.    Perfectly  malleable. 
Found  in  limestone.    Copiapo  in  ChilL 

Mxcmitt.^Bromide  of  SUver.  Ag  Br.  cubic.  H  1*0  —  2*0  G  5*8  —  6*0. 
Case  59.  Lue,  bright.  CM.  green,  yellow.  Sir.  green.  B.  fusible.  Soluble  in  warm 
concentrated  ammonia. 

Found  with  kerate.  ■  Mexico,  Chili,  Bretagne. 

l/o6iim^^Iodia  Silver.^Ag  I.    H  1*0    G  6*504.    Lue,  resinous.    CoL  yellow,  green. 
Sir,  shining.    B.  faaiUe.    Soluble  in  strong  hydrochlorio  acid. 
Found  in  serpentine  and  porphyry.    Mexico,  Chili,  Spain. 

Calomel.— Jfuruiltf  of  Mercury,  I^amidal  Ferl  Kerate,  Bom  Qmeheilver.-^'&f^  CI 
pjimmidal.  H  1*5  G  6*4— 6*5.  Case  69.  Frac.  conchoidal.  Translucent,  trans- 
lucent on  the  edges.  Lue,  adamantine.  CoL  gray,  green,  yellow,  brown.  Sir*  white. 
Scotile.    B.  Yolatilices.    Soluble  in  nitro-muriatic  acid. 

Foond  with  mercury  and  cinnabar.    Bohemia,  the  Palatinate,  Camiola,  Spain. 

Cocciaite.-^JMfwre<  of  Mercury, — Lue,  adamantine.  Col  red.  Melts  and  sub- 
limes easily. 

This  mineral  is  probably  identical  with  the  red  crystsls  of  Iodide  of  Mercury,  Hg  I, 
formed  by  cooling  a  saturated  solution  of  Todide  of  Mercury  in  an  aqueous  solution  of  Iodide 
of  Mercury  and  Potassium.  These  crystals  are  pyramidal ;  when  heated  they  sublime  and 
form  yellow  crystals  belonging  to  the  prismatic  system.  The  yellow  crystals  become  red 
by  being  scratched  or  rubbed. 

KdUto.— Jr«2bl#  of  Alumina,  Money  Stone,  Pyramidal  MeUchrone  Reein — ^Al  0'  -f 
G«0'  +  18H0.  vymidal.  H  20  — 2-5  G  1-5  —  1-6.  Case  60.  Fra«.con- 
choidaL  Transparent,  translucent.  Lue,  resinous.  Col,  Honey-yellow,  inclining  to 
red  or  brown.    8tr,  white.    Sectile.    Soluble  in  nitric  acid. 

Found  in  beds  of  brown  coaL    Thuiingia,  Bohemia,  Moravia. 

Kwnboltiae— OMAiis  of  Iron,  Oxalit,—2  (Fe  0  -j-  G'  0^}  +  3  H  0.  H  20 
G  2*15  —  2*25.  Case  60.  Frac,  uneven.  Opaque.  Lue,  waxy.  Col,  yellow.  Str. 
yellow.    Slightly  sectile.    Soluble  in  acids. 

Found  in  a  bed  of  brown  coal.    Bohemia,  Hessia. 
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3*0      6 1*838.      Frme,  eonehoidaL     Thmaparent,  eptqut^     Zml  vitreovi^ 

8/r.  white.    Very  britde. 

Foondirithcaldte.    Hai^tfj. 

8t3Rnrito.->0MmiAr.-(2  Mg  0  +  P  0«)  +  ^  H*  +  iS  HO. 
H  1*5  —  2-0  6  1*66  ~  1*75.  Caae  60a.  Frae,  conrhoidal.  Tnoapaient,  temi- 
traAspareot.  Ltu.  Titreoua.  Col.  colourleaa^  yellow,  brown.  8tr.  while.  B.  ^aible. 
Soluble  in  hydrochloric  acid. 

Fovnd  in  ciyatals  in  1845,  when  digging  the  fbnndattiia  of  the  new  chvrch  of  St  Kieholas, 
Hamburgh,  having  been  produced  by  the  decomposition  of  animal  matter ;  it  hag  aleo  been 
discoTcred  in  guano  from  the  coast  of  A&ica. 

AmbM.— J?«ni«tom,  Succinite. —C^"*  H«  0.  Amorphous.  H  2*0  —  2*5  G  I'O  — 1-1 . 
Case  60.  Transparent,  translucent.  Lut,  waxy.  Col,  yeUow,  red,  brown,  white. 
8tr.  yellowish-white.    Slightly  brittle. 

Found  in  rounded  masses  and  disseminated,  occurs  principally  in  the  tertiary  coal  forma- 
tions. Sicily,  Prussia,  Pomerania,  Holstein,  Couriand,  Lironia,  Greenland,  China,  Frsnee, 
Italy,  Spain,  England,  Ireland.  It  fteqaently  contains  inaeets  which  are  now  eztincL  Uscvl 
for  ornamental  purposes,  and  also  in  the  manuliacture  of  varnishes. 

evjftJk^it.--Fouil  Copaly  HighgaU  Rerin,—Amor^}io\^  H2*5  01*046.  Case  60. 
Frae.  conchoidaL  Semi-transparent,  traaaUieant  Xtuu  waxy.  €oL  yeUow,  brown. 
Brittle.    Slightly  soluble  in  ether. 

;  Found  in  blue  clay.    Highgate  near  London,  and  in  tiM  Bast  Indies. 

&etl]iasplialt.-i^/ti»tto.— Amorphooa.  H  1*0  ^  2*0  G  1-05  —  1*20.  Caae  60. 
Frac  conchoidaL  Semi-tcansparenty  opaque.  Col  yeUow,  brown,  gray.  Stir,  yel- 
lowish-brown.   Brittle. 

Found  in  brown  ooal,  stona  ooal  and  peat.  Halls,  YogelagebiigB,  DevoBsbiie,  Maiyland, 
Bohemiji,  Oauabriick. 

HapkHuu^Arf A  Oi^  J?iAMieM.  Liquid.  G  0-7  — 0*8.  Oaad'60.  Tz«ii^«rent, 
translucent.  CoU  colourless,  yellow,  brown.  Unctuona  to  the  tonch.  Smell  aromatic 
and  bituminoua.    Soluble  in  pure  alcohoL 

Found  oosing  out  of  clefts  in  rocks  or  the  ground.  Italy,  the  Alps,  Pyrenees,  United 
States,  Persia,  Eaat  Indies,  China,  Baku.  When  exposed  to  the  air  becomea  thick  and  at 
laat  solid.    P«<rD{eiMi,  EUUtriU,  and  AMphaUmnt  are  supposed  to  be  n^htha  thus  altered. 

PetT^iUumy  Ibnnd  in  Hanover,  Bronswick,  Aisace,  Auvergne,  Barbadoea,  Trinidad,  Lan- 
cashire, Coalbrookdale,  Edinburgh,  Ara. 

ElateriU,  found  in  Derbyshire,  France,  and  Connecticut. 

AtphaUumj  found  in  Hanover,  Soult,  the  Bhone,  the  Dead  Sea,  CoRiwslI,  Shropshire, 
East  Lothian. 

8clLeM6iit6.^€  H'.  oblique.  Soft  G  1*0  — 1*2.  Case  60.  /Vo^.  conchoidal. 
Transparent,  translucent.  Lus.  resinous.  Cbl.  white,  gray,  yellow,  green.  Str.  white* 
Brittle.    Unctuous  to  the  touch.    Soluble  in  nitric  acid. 

Found  in  brown  coaL    St  Gallen,  Westenrald. 

Konleinite.— JTon/iVe.— C*  H.    G  0-88.     Col.  white. 

Found  in  crystaUineJ plates  and  grains,  in  brown  coal  and  in  a  peat  bog.  Switzerland, 
Bavaria. 
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n^kMtte.-«A  hydrocaxbon.  Tnoupareat  Lut,  pearly,  eolouilesfl.  UnetuouB 
to  the  touoh.    Without  taste  or  smell.    Solid)le  in  ethtf . 

Found  in  actcqiar  cxTstals,  1>etween  the  yearly  rings  of  pine  items  in  a  bed  of  tuxf. 
Bedwita,  near  the  Fichtelgebirge. 

Bbotlte.— A  hydrocarbon.  H  1*0  G  1*046.  Case  60.  Frae,  conchoidaL 
Translucent.    Lut.  fatty,  feeble.    Cd,  white.    Kot  flexible.    Seetilc.    Soluble  in  ether. 

Found  im  brown  coaL    Oberhart  in  Austria. 

Osdkmite.— C  H.  |H  10  G  0  94—0-97.  Froe.  eonohoidal.  Lus.  wbxj. 
Translucent  on  the  edges.  CoL  green,  brown,  yellow,  red.  Sir.  yellowish-whito. 
Sectile,  toi^  and  flodble.    Soluble  in  oil  of  turpentine. 

Found  in  Bioldavia,  Austria,  Newcastle. 

Hatchettim^-C  H.  H  10  G  0*6078.  Case  60.  Translucent,  nearly  opaque. 
Lui.  pearly.    Ool.  yellow.    Partially  soluble  in  ether. 

Found  in  masses  resembling  wax  or  train  oil,  in  the  coal  formations  of  England  and 
Scotland. 

BUddletonite. — G  1*6.  Thin  fragments,  transpai'cnt.  Lus.  resinous.  Col.  brown. 
Sir.  light  brown.    Soluble  in  concentrated  sulphuric  acid. 

Found  in  small  rounded  masses  between  layers  of  coal.    Leeds,  Newcastle. 

Ffl&thyzite. — ffartin.—Q  1*115.     Ool.  white.    Soluble  in  petroleum. 

Found  in  masses  resembling  train  oil  in  brown  coal.    Oberhart  in  Austria. 

Ovyaqvilllt*. — Amorphous,  soft.  G  1*092.  Opaque.  CoL  bright  yellow. 
Soluble  in  alcohol. 

Found  at  Guyaquil  in  South  America.  A  substance  found  in  the  Irish  bogs,  and  called 
bog  butter^  seems  to  be  allied  to  guyaquillite. 

Baxengelite.— Amorphous.  Frac.  oonchoidal.  Ltts,  resinous.  Col.  dark  brown. 
8tr,  yellow.    Taste,  bitter.    Soluble  in  ether. 

Found  in  large  masses  in  the  province  of  St.  Juan  de  Bcrengela  in  South  America. 

Walchowita.— Amorphous.  H  1*5  —  20  G  1*035  — - 1-069.  Frae.  conchoidal. 
Translucent.  Translucent  on  the  edges.  Lus,  fatty.  Co/. ^yellow,  brown.  Str. 
yeUowish-white.    Brittle.    Soluble  in  sulphuric  acid. 

Found  in  brown  coal.    Walchow  in  Moravia. 

XaLol7te.—Amorphous.    H  10    G  1*008.    Case  60.   Frae,  conchoidal.    Lus,  resi- 
nous.    Col,  red.    Str.  yellow.    Sectile.    Smell,  aromatic. 
Found  in  brown  coal.    Oberhart  in  Austria. 

Piavxite.— H  1*5  G  1-220.  Frae.  imperfect  conchoidal.  Translucent  on  tlic 
thinnest  edges.    Col.  blackish-brown.    Str,  yellowish-brown.    Sectile. 

Found  in  a  bed  of  brown  coal,  near  Piau2C  in  Cazniola.  ^ 

Anthzacita.  H  2*0  —  2-5  G  1*3  —  175.  Caso  60.  Frae.  conchoidal.  Lus, 
Titreous.    Col.  black.    Str,  black.    Brittle. 

Found  in  the  Alps,  Pyrenees,  France,  Pennsylvania,  Massachusetts,  Bohemia,  Silesia, 
Saxony,  Hessia,  Staffordshire,  Brecknockshire,  Carmarthenshire,  Pembrokeshire,  Scotland, 
Ireland.    Used  as  a  fuel  for  furnaces. 
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Black  Coad.^JBUummout  coal.  H  2*0  —  2-6.  Case  60.  Frac.  etmchmdtJ.  Lvm, 
irazj.    Co/,  black.    Str.hinck.    Slightly  sectile.    Britde. 

Found  in  EngUnd,  Germany,  Bohemia,  Moravia,  Belgium,  France,  North  America, 
China,  Japan,  Australia.  Most  yaluable  aa  a  fueL  Upwazda  of  50,000,000  tona  are  obtained 
from  the  coal  fields  of  England  annually. 

Brown  Co9jL.^Liffniie.  H  1*0  —  2*5  G  O-o  ^  1*5.  Case  60.  Frac  conchoidaL 
Lus.  waxy.    Col.  brown,  black.    Str,  brown. 

Found  in  Germany,  Switzerland,  Hungary,  Italy,  Greece,  Iceland,  Greenland,  Deron- 
ahire,  Sussex,  Scotland,  Faroe  Isles,  Ireland. 

WALTER  If nCHELL,  ]C.A. 
J.  TENNANT,  F.GJ3. 
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Ateorption  of  Ught,  134,  135 

Adclsbcrg.  caverns  of,  161. 

.Ullt  level  of  a  mine,  279. 

Aoilal  perspective,  physical  principles  of,  U1, 

Africa,  phj-sical  geography  of,  21. 

.Vi^rlcoltural  soolog>',  191;   knowledge  of 
sary,  192. 

Agrtcultuie,  application  of  geology  to,  130 ;  rela^ 
tionofgoolotfy  to,  195. 

Ai^-uUle  do  Dru.  in  Switzerkind,  -view  of  the,  143, 
144. 

A.ir,  periodic  changes  of  the.  10,  11  (see  Atmo- 
spheee). 

Ur  and  water,  action  of,  on  exposed  coasts,  84. 

Alabaster  (Gr.  Alabattron  a  town  in  Egypt 
where  the  miaeial  abounded),  wide  distribation 
ot  209. 

Alherese  rocks  of  Italian  geologists,  108. 

.Uleefaany  moantoins,  view  of  the.  \IA. 

.Uloiiheads,  the  ereit  load  mines  of,  285. 

Alluvia,  mining  in,  251 . 

Alluvial  soil.  doposiU  of,  192;  derived  ftom 
livers,  1 94. 

Alps,  mountain  ran?e  of  the,  24,  25. 

Alam  Bay,  Isle  of  Wight,  soft  sands  of;  164. 

Alum  shale  of  the  Yorkshire  ooost,  71,  96. 

Alumbious  soils,  193. 

Amazon,  the  river,  its  vast  magnitnde,  18 ;  Im- 
mense deposits  of  the,  38. 

America,  liver  systems  of.  18;  physical  geography 
of,  22 ;  numerous  beds  in.  119. 

Ammonltet  bitulcatut  (bomAmmon  theram's- 
liorncd  Lyblon  deity,  and  Lat.  bitulcatut  dou- 
ble-furrowed), allasfoBsQ,  94.  95,  96. 

A.  bullatUM  (fh>m  Lat.  bullatu*  studded),  au 
ooUte  fossil,  97. 

A.  Jason,  an  oolite  fossil,  99, 09. 

.Xmygdoloid  (Gr.  amygdala  an  almond,  and 
eidot  resemblance),  rocks  so  called.  48. 

Ancptoeera*  (Or.  ankulot  a  curvature,  aud 
keras  a  horn),  a  Koocomlan  fossil,  104,  105. 

Andes,  mountain  chain  of  the,  24,  25. 

Animal  life,  first  condition  of,  on  the  earth's  sur. 
aco,  77. 


Animals,  distribntlon  of.  on  too  earth,  thronga 
the  different  periods  of  time,  61  et  teq.i  bones 
of.  found  in  the  Arctic  regions.  64 ;  adapution  of 
every  part  of  tho  skeleton  of,  64, 65  ;  once  ex- 
isting in  our  own  island,  70  ;  in  Sonth  America 
and  Australia,  ib. ;  of  the  rod  sandstone  fozm*> 
tion,  93,  93 ;  extinct  races  of.  126. 

Anoploihorium  (Gr.  anop/os  nnnrmed,  and  the^ 
rion  a  wild  beast),  account  of  tho,  119,  123. 

Anthracite,  constituents  of,  230. 

Apiocrinite  (Gr.  apion  a  pear,  and  krinon  a 
Ul}-)>  a  middle  ooUte  fossil,  93, 99. 

Apteiyx  (Gr.  a  and  pterpx  w^antlng  wings),  tha 
wingless  bird  of  Now  Zealand,  65. 

Aqueous  action  on  the  earth's  srarface,  37 * 

Aquoousrocks.  47,  58;  arrangement  of,  59. 

Aqueous  theory  of  mineral  veins.  269. 

Arcadia,  limestone  mountains  on  tho  ooost  oL 
152. 

Architectural  geology,  204. 

Arctic  regions,  bones  of  tropical  aaimals  fbond  in 
tho,  64. 

Art,  dependence  of,  en  sdeDoe,  133. 

Artesian  springs,  the  geological  principles  of,  201. 

Artist,  importaaoe  of  scientiSo  knowledge  to  tb«» 
133. 

Aids  Minor,  axtinot  volcanoes  in.  180,  181. 

AtCarte  eligant  (trom  Attarte  tho  Sidonlan 
gcddees  of  beauty,  and  Lat.  elegant  elagant)» 
an  oolite  fossd,  99. 

Atlantic,  mariuo  currents  hi  the,  16. 

Atmosphere  (Ur.  at  mot  vapour,  and  «;yAaira  a 
globe),  oomponent  elements  of  the,  7*  8  i  its 
uses,  9;  changes  or  iU  condition,  10 ;  iU  nature, 
133;  illusions  of  tho,  135,  136;  drculatioa  of 
water  by  the,  198. 

Atolls,  formed  of  coral  reeCi,  35, 36. 

Augito  rock  (Gr.  auge  glittering).  52,  53. 

Aulopdra  serpent  (Gr.  aulot  a  pipe,  and  j^ora 
a  pore ;  Lat.  serpens  creeping),  a  middle  pol^o- 
zolc  fossil,  81. 

Aurora  borcUls,  phenomena  of  the,  137r  138* 

Australia,  fossil  animals  found  in,  125. 

AveUana  cassis  (Lat.  avetlana  a  filbert  &at» 
and  cassis  a  hohnet),  a  greonsand  fossil,  107. 
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TMlahnlbh  slata  <inflrrl«t  in  SootUnd,  111. 

Bflfldt  of  Tolcaolo  rocks,  177;  aoUa  derired  tnm, 
198. 

BaMMo  rocks,  thdrnatars,  53,  M ;  scenory  of.  181. 

Bsfltel,  naar  Dresden,  geological  ftaiures  of  the, 
IM.  107. 

Bath  stone,  one  of  the  oolltie  series  of  rocks,  7. 98; 
Its  qnallties  as  a  building  material.  S07,  208. 

Batrachlan  reptiles  (Gr.  hatracko*  a  frog),  foe- 
soiled,  M,  93. 

Beaches,  raised,  tertlaiy  deposits  of,  71.  HI. 

Belemnltes  (Or.  beUmnon  a  dart),  fiMsU  remains 
socAUed,9S.  96;  of  the  secondary  period.  111. 

B.  mueronatut  (Lat.  mueronatug  sharp-point- 
ed;, a  eretaoeoos  species,  106,  lOV. 

Bdlerflphon,  a  fonil  so  called,  84. 

Berdan's  machine,  used  for  crashing  and  amalga- 
mating or  ores,  258. 

Bird,  imprint  of  the  ibot  of  a  foedl  species,  61. 

Birds,  gigantic,  fossils  of,  found  in  New  Zealand, 
126. 

Bitnmfaums  coal,  228 ;  cannol  a  remarkable  speci- 
men of,  ih, 

"Black  bands,"  the  ironstone  of  the  Clyde  dis- 
trict, 263. 

BUM±down  ftwalls,  group  of,  106. 107. 

Blaok-gang  Chine,  Isle  of  Wight,  stratified  sand- 
rock  of,  165:  watcriUlof,  171. 

Blasting,  operations  cf,  in  mining,  284. 

Boi^ead  coal,  analysis  of,  229n. 

Boring  ftar  coal,  process  of,  236. 

Bonlderi,  enatlo.  121 ;  oompoaitlon  of,  185. 

Bradford  day,  a  sabdMsion  of  the  oolite  series, 
aooonnt  of,  71  •  98. 

Brard's  method  of  lesUng  bnUdIng  stones,  206 

BruOs,  method  of  working  the  gold  ore  in,  253, 
854. 

Briekdsys,  geology  and  oontents  of,  213,  214 

BuIUUng,  sandstones  used  for,  206 ;  Umeetoncs 
used  for,  207;  granite,  marbles,  &c  nsed  ftxr, 
909. 

Botidhv  materials,  properties  of,  204 ;  Brard's 
method  of  testing  boildbig  stones,  206. 


Caino-tole  (Or.  kainot  new,  and  soo«lIib)  rocks 

so  called,  1I7»  note. 
Caithness  flagstones,  account  of,  212. 
Calamite  (Lat.  calamu*  a  rood),  account  of  the 

fbssU  so  called,  83,  224;  of  the  carbonlftrons 

period,  83. 
Calcareoos  soils,  193. 
Calcareous  rocks,  194. 
(JaUlbmia,  methods  of  woxkfaig  the  gold  ore  in, 

856. 
Calymene   Blumenhaehii    (Or.   kalpmma   a 

coTCring),  a  Sihiriaa  tbisil,  76. 


Cancer  Maer»cheilu»  (Lat.  cancer  *  caU),  A 

tertlaiy  fossil.  120. 
Candles  used  in  coal  mines,  844. 846. 
Cannel  ooal.  nature  of;  8tt. 
CarbonlfSroas  limestone,  153. 
Carbonlftrous  rocks,  hard  sands  of  the,  108. 
Carboniferous  sea.  condltkm  of  the.  dnrlag  the 

palttozoic  epoch,  85 ;  shdls  and  fishes  of  the,  88L 
Carboniferous  scries  of  fossils,  82  ei  eeq.i  groop 

of,84;  planttofthe,87;  coalfurmaaooa.  87.  88L 
Csrdia  (Or.  kardia  the  heart),  a  marine  foasU, 

117,118. 
CardUa  peeluncularis   (Gr.  kardia:    Lat. 

peeten  a  oomb),  a  tertiary  fossil,  U8. 
Cardium  peregrinutm  (Gr.  kardta;  LH.perC' 

grinum  foreign),  a  Keooomian  fossD,  103, 104. 
C.  Hillanam,  a  greensand  fossU,  107 
Cam  Brea  mine,  iu  immense  depth,  278. 
Cascalho,  the  Brazilian  name  giren  to  the  aori- 

forotts  detritus.  254n. 
Catakecaiuncne,  in  Asia  lOnor,  extlnet  rolcano 

of,  180. 
CaTems  of  Dudley  Castle,  1 58 ;  of  Adelsberg.  161 ; 

at  Notdngham  CasUe,  and  iu  Saxon  Swltaer- 

hmd.  166, 167. 
Cements,  geology  of,  213.  214. 
Ccratitee  (Or.  kerat  a  horn),  a  sandstone  fosdl, 

92,93. 
C.   noddsu*   (Or.   kera;  and  Lat.  nodcttie, 

knobby),  a  sandstone  species,  93. 
CeritMum  hesagdnum  (Or.  kerae  ;   hes  sl^ 

and  gonia  an  angle),  a  tertiary  fossil,  118. 
Chalk  cllfik  of  England.  156. 
Chalk  formation  of  the  seoondaxr  epoch,  106; 

foesiUof  the,  106, 107;  the  higheet  deposit  ot  the 

secondary  series,  108. 
Chalk  sponve,  figure  of,  109. 
Cheddar  dlfls,  limestone  rocks  oC  165. 
Cheeee  grotto  in  the  Elfd.  54. 
Chelonia  Benttedi  (Gr.  ekel]f$  a  tortoise),  a 

greensand  fossil,  107. 
Chili,  method  of  working  the  gtdd  on  In.  856. 
Chonilee  Dalmaniana  (Or.  ehon9  a  funnel).  84. 
Cidftris  (Lat.  cidaHe  a  turban),  flguroof,05,  96. 
C.  glandiformie  (Lat.  glandf/ormis  acom. 

shaped),  an  oolite  fossU,  100. 
Cimis  douds,  139, 140. 
Classification,  law  of.  in  geology.  66 ;  of  stretlficd 

rocks,  70;  Uble  of,  71 :  of  fossilized  fishes,  79. 
dny,  soft,  picturesque  forms  of,  172. 
Clay  Ironstones  of  the  lias  fonnation,  262. 
Clay  rocks,  nature  of.  171, 178;  Tarietiee  of  slates 

of;  174. 
Clay  slate,  a  metamorphic  rock,  56. 
Clays  of  London  and  Hampshire,  71,  117;  of  Uie 

secondary  rocks.  173;  pecnlkaritlcs  of,  raried  in 

plains,  ib.i  rarietles  of,  174;  Tatioos  coioun 

of.  175;  varieiles  in  England.  193L  194,  the 

constituents  of  brick,  poroelain,  Stc  ^  213.  814. 
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ClMvag*  of  ■!•(•  iMk,  67. 

CUffli  at  the  Id*  of  Wight,  HMtinsi,  Hytho,  &e., 

Climato.  pharaieal  ooodltloiif  of,  SS, » ;  inllneiioo  of, 
on  drllliatloa,  V ;  the  «fltet  of  loeil  cantM,  <». 

Clouds.  phcnomoDA  of,  17.  189;  IbniMtioD  of,  17 ; 
TMlotlM  <<  139, 140, 141 }  aoddental  ookmnoC 
141. 

Clydo  dlstikt.  Its  bodi  of  Irontooo,  163 

t!iym0nia  SUgwickH  (Gr.  k,^wt9no9  cato- 
bratad),  a  landstono  foaril,  81. 

Coal,  dapottts  of,  bi  Oannaaj,  71 ;  of  the  etrbo- 
xShanm  lerias,  71.  83;  tha  traa  TagataUa 
origin  of,  87:  Its  ma  and  raloa  aa  a  IM,  S21, 
£22 :  Its  aztnarro  diatribotion.  SSI ;  iU  goolo- 
gleal  oilgln.  SS3-ttS;  chiaflj  Ibrmad  firom  tha 
plant!  SlgiDaria.  Stlgmarla,  Lepidodoodran,  and 
tha  Calamita*  ib,  \  thkknaai  of  tha  beds  of, 
2iSii  t  mtaianlbtation  of,  228 ;  Ita  appoaranea  at 
tha  aofftea  of  tha  aaith,  ib. ;  its  rabrtfTO  pod- 
tlon.  227.  231  ;  Tariatlaa  and  eawntlal  pacoH- 
axftias  of,  228 1  bitamlnoai  coal.  ib. ;  cannal  a 
ramarkabia  rarlety  of.  ib, ;  obtained  In  North- 
ambailand,  Dorham,  ^o..  222 ;  steam  ooal,  ib. ; 
anthraolta,  230;  lalatlTe  Talua  of,  ib, ;  age  of, 
ib.\  Intarraptions  of  ooal  bads,  or  flmlta,  231- 
233 ;  appearance  of  tha  coal  field  after  dlatnr- 
banca,  232;  dykaa  In  ooal  fields,  233,  234n; 
▼aloeofseetlons  of.  234;  Ironstone  and  pyiltas 
of,  236;  maajr  seams  contain  lron»  ib.\  im- 
portaac*  of  to  England,  249. 

Coal  Mines  and  Coal  Mining.  lorftMa  seams  the 
dmplest  form  of  mining,  236 :  deep  woridngs, 
338 ;  pracMS  of  boring,  ib. ;  ehaft  dnklng,  237 1 
Tarloas  methoda  of  tubbing,  ib . ;  dlfibrent  plans 
of  woiUng.  238;  tha  NewtasUe  method.  ib,\ 
exploaiTe  gasei.  239:  firedamp.  239,  240;  on 
the  proper  Tentflation  of,  240  et  *eq. ;  accidents 
from  flre-damp,  241,  242;  tsiIoos  methods  of 
▼enaiatlng,  243.  244 ;  the  safotj  lamp,  244  et 
teq.i  aecldenti  In,  ftorn  water,  248;  mlscd- 
lanaoos  aoddaats  In,  ib,;  dangen  ot,  260; 
necenlty  of  legislation  respeetfaig,  250. 

Cologncvolcaaic  aetkm  In  tha  netghbourhood  of,l79 

Colonr,  natore  and  phenomcDa  of,  138,  137. 

COIoanofdoods.  141. 

Conglomanite  rocks  (Lat.  eonghmero  to  heap 
together).  48. 

Contlnenta  of  Sorope,  Aela.  and  AfHea,  pi(7dcal 
geomphy  of  the,  21 ;  of  America,  22. 

Conularia  Qrnata  (Or.  kono$  a  oooet  Lat. 
ornmta  adorned),  a  sandstone  foedl.  81. 

Oond  nek»  (Gr.  koraition^  from  kore  and  «/« 
daaghter  of  the  sea),  ftrmation  of,  35.  161. 

Coral  Idands  built  hy  the  poljrp,  41,  42; 
limestones  ot,  180. 

Coral  rag.  a  yarietj  of  thaooUta  seriea.  71, 108. 

Oordllna  crag,  a  deposit  ef  tha 
pvM.  71,  119 


Coralline  foasOs  of  the  ooUta  ftrmation,  97, 184. 
Corals  of  the  carboniftroas  period.  86. 
Oombrash,  a  Tariatj  oftha  ooiUa  tematioa,  71, 

98. 
ComwaU,  great  depth  of  thaminea  In,  284. 
Coateantng,  the  method  adopted  for  dlseoTCdiv 

tha  presence  of  a  mineral  rein,  273 
Cotopaxi,  Tolcano  oC  178. 
Colteswolds,  oolitiohiUsof  the,  168. 
Coardng  tha  air,  a  process  for  Tantilatiag  ooal 

mlnea,243. 
Cmg.  mammdifoioaa,  of  Kosfolk,  71, 121 :  tertiary 

depodts  of.  ib, 
Crag-diffli  of  the  Ldte  and  Qaroone,  71 . 
Crania  (Qr.  kranicn  the  akoU),  a  fosdl  of  thi 

chalk  fonnaUon,  108, 109. 
Cretaoaons  foadia  (Lat.  erUa  chalk),  106, 108. 
Cvetaceoua  limestones.  158. 
Crinoldal  group  (Or.ArH»oii  a  Uly,  and  eidos 

rasamblanoe).  red  eaodatona  foasUs.  92. 
Crashing  mill,  used  Ibr  the  proparatlon  of  ons, 

267,268. 
OtTttallina  limestonea,  182. 
Cijitslllne  rook,  paculiaritlea  and  00000x7  of,  \77» 
CiTBiala  (Gr.  kryttallot  lea),  natavo  and  proiMr- 

tiesoC44. 
Ctenoid  fishes  (Or.  ktenion  a  little  comb,  and 

eidoa  resemblance),  ocales  of  the,  79. 
Cnmbarland,  Test  mineral  flelda  of;  281.  262. 
Cnrrenta,  marine,  phenomena  of,  16;  their  ooaiaa 

in  tha  Atlantic.  18. 
CyaiAocrraiM  earfocrinoldea  (Gr.  kyathot  a 

cop,  and  krin^n  a  Uly ;  karpon  a  nut,  krinon 

a  llljr,  and  Hdo9  rsaenililoiM  11),  a  oaibonUbroaa 

foaU,84. 
Cyatkophyllum  emipitotum  (Gr.  kyatho*  and 

phyllon  a  cnp^shaiMd  leaf;  Lat.  eatpitotua 

tariy),  a  SUniiaa  Ibodl,  76. 
Cjcadeoidea  (Or.  kpkmt  tha  Kthloplan  palm,  and 

eidot  resemblance),  an  ooUta  foasU,  100. 
Cyeta9  amtiqua  (Or.  kyki99  a  shield,  and  Lai. 

aniiqu9  aadent),  atartiaiyfoodl,  117. 118. 
C/cloid  fishes  (Or.  kyki09,  and  9ido9  nmat' 

blanoe),  acales  of  the.  79. 
Cyelo9loma  ArmoidH  (Or.  kpkl09t  and  «/osia 

tha  stomach),  a  tistiafr  foadl,  1 18. 
Cyprma  elig»n9  (Or.  Cffprmi^  the  name  of 

Yenna,  and  Lat.  el9gau9  beantlfkil),  a  tortlaiy 

foadl,  118. 
CytUH-9  Aurieuldta  (Or.  Cpiktrea  Yanaa,  and 

Lat.  aurieulata  eared),  a  Wealden  foadl,  101. 


Damp  in  coal  mines,  239. 242. 

DavylanqsltsTshialn  coal  wrinoa, 246. 247 ;  nam- 
beroflampalBtheWallaendplt.246;  accidents 
with  the,  t«8 :  orden  rsopeettag  tha.  In  tha 
Wallsendcolllei7,246. 
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Deaali  Idand,  tarmtA  of  conl  m<ic,  36. 
UeUbc36  ibtto  qpuioy,  eoaatj  ComwalL  Sll. 
Deltas,  modem  terttaxy  itopoiits  of,  71. 
Deposits  of  animal  origin,  41. 
Dert^Tsbive^iaoaataiasosaay  of,  154 ;  fast  mhw- 

ralfleUsor.tSl. 
Desert,  scenery  of  the.  14S. 
Development,  law  of.  in  gedbgy,  W. 
Devonian  period  oTthe  earth's  smftoe,  78;  group 

orrossiisofthe,  81. 
DIallase  rock  (Or.  diallage  difference).  62. 
Dtsmood  washing  in  mb^g  operatlonB,  tfi9. 
Dinotheriam  (Qr.  deino*  terriltie.  an&therionm 

wild  beast).  ft«U  remains  of  the,  119.  193,  184. 
Dimeroeriniiet  leotidaetfiut  (Or.  dimertt 

divided  into  two  pares,  and  krin^n  a  lily ; 

eikoti  twenty,  and  daktyM  flng«n)>  afilhuiaa 

fias8a.75. 
DistzibDtloa  of  oisante  befaigs.  law  of.  07 
Divintaig  rod,  adopted  Ibr  the  diaoovery  of  a  alao- 

ml  Tela,  S73f». 
Dodo,  an  extinct  species  of  bird,  65. 
Doors  for  preventing  explosions  In  ooal  mhMs,  S44. 
Dove  Dale,  ooonty  of  Deitqr,  soeneiy  of.  1&S» 
Drainage  in  mines.  283, 284. 
Draining  of  land,  operations  for  the,  195, 195. 197. 
Dreasing  the  ore  in  mines,  SBt. 
Drift,  deposits  of,  191. 
Drifts  in  mlnea,  978> 
Dudley  CasUe.  caverns  of.  1 50. 
Durham,  vast  mineral  fields  of,  2S1. 
Dykes,  appearance  of.  fai  ooal  fleUts,  2S3 ;  nknral 

spedmeas  teem,  934  ». 
Dtftagter  (Or.  dif§  Imperfeet,  and  a$ter  a  star), 

an  oolito  fossil,  97> 


EABTH,  physical  history  of  the,  1  et  geq. ;  its 
Ibrm,  9;  ttssarflMss.  <*. ;  soeaeryou  the  auifiMW, 
3 ;  different  climates  saod  vaxlatles^  ib.;  its  an- 
dent  histoiy,  ib.i  materials  of  which  It  is  foun- 
ded, 5  ;  proiMftiOB  of  land  and  sea,  ib,i  map 
oftiio,6;  its  geographical  andgeologlBalfeatares, 
19;  Skeleton  of  the,  90 1  oontSaenUof  the,  91 ; 
its  interior  beat,  27, 28;  change  of  level  of  land, 
S3,  34  ;  a  large  portion  of  its  enst  exposed  to 
sadden  changes,  ib.;  impoitaat  changes  on  its 
sorfhoe  finom  aqoeoos  and  igneous  action,  36, 
37  et  teq.t  77;  deposits  of  animal  origin,  41 ; 
oontlnnal  changes  on  its-sarlhoe,  43. 70;  mate- 
rials of  its  oruat  arranged  la  definite  aider,  and 
in  variouif  layers,  43,  65 ;  theory  of  its  lirst  for- 
mation, 44 ;  order  in  the  arrangement  of  its  sur- 
fiico  mateiials.  45 ;  primaeval  state  of  the,  76 ;  its 
azoic  ooniUtion,  77;  great  cfaanges  that  have 
afiteted  its  surfiwe,  196;  its  form  and  sttve- 
tuo,  142 :  oonsUtoent  elemeots  of  llm,  196. 

Karthquakes,  pbysioal  chaxaoterisdes  oC  31,38; 
violent  effocU  of,  39,  83. 


Eastern  Ardiipdago,  innet 

rooks  ia  the,  a. 
Egmont,  Mount,  volcanic  eoneof,  in  Sew  g— a— J. 

178. 
Klba,  Isle  of,  tarn  ore  foondln  the,  9V0. 
Eleotikaltheoiy  of  tba  formation  or  alMnl  wfais, 

971. 
Elements,  the  substances  so  ealled,  6;  dlffleeilty 

of  ondentanding  tiielr  prspsties,  i*.j 

acting  npoB  them,  ib.t  their  aelkm  on 

earth's  sorftoe,  49,  43^ 
Elephants, ftwen hi  Slbeda, 64 ;  oftho nemrl 

tiarieB»194. 
EU.  great  Irish,  Ibarilisad,  9a. 
EnorUatal  stems  (Or.  kriwon  a  mf\e 

roos  fossils,  84. 
BnerimU99  m&miif^rmU  (Or«  kHnmt^  and 

Lat.  monile  and  forma  accifclaa»-foMi),  ni 

sandstone  fossOa,  99,  93. 
Englneeriog,  i«>pUcatloo  of  geology  to,  138.  196. 
£oc6ne  (Or.  eos  dawn,  and  kainot  oew>,  a  tscm 

applied  to  the  formatlea  of  the  tertfaay  cpodi 

116  note. 
i;rjroa  arctif&rmU  (Or.  erjr*  to  tenr;  Let. 

arelyt  slender,  and/oraia  slmpe),  aa  ociiu 

fossil,  99, 101. 
Escan,  hlUs  so  called,  151 , 
Eorope,  phyrioal  geography  of;  9U  99 ;  Its  aiOd 

temperature,  96. 
Explosions,  in  coal  mines.  941 ;  plaaa  for  pnvent- 

hig,  243,  244;  effects  of  weatbor  nil  snasen  oa, 

M7. 

V 
FatamocgAoa,  atmospheric  Qlasioa  of  tha,  136. 
Faults  ia  ooal  beds,  931-933. 
Fdsparrook(Gcr./r/jipa<4  a  cQntalUaad  Brina> 

rai},58. 
Fens,  drainage  of,  196;  ofLinooluhin,  187. 
Ferns  of  the  carbonLGeroas  period,  89. 
Fertilit)'  of  sods,  causes  oi,  198. 
Fhie  acts,  application  of  geeiogy  to  thCb  131. 
Fingal's  Cave,  staffs,  basaltfa  fonsarioa  o^  181. 
Fire  days,  properties  oA  214. 
FlrB>damp  in  ooal  mines*  239,940 ;  aoeldaBlafteak 

241 ,  249 ;  ftital  effecU  of  the,  950. 
Firestone  of  Mantel,  106. 
Flsbes.  classiflcatton  oS,  79 ;  fossilized  scalea  o4  M. / 

Utls  of.  80;  of  the  palawzolc  period,  86 1  of  the 

carboniferous  period,  86  ;  of  the  liaa  fonaadoo, 

95,  96 ;  fussil  remains  o(,  in  the  chalk  fonaatSon, 

108;  of  the  seooudaiy  peiiMl,  111 ;  of  the  teiw 

tlary  period,  117  :  of  the  older  lertiaries,  199. 
Flagstones,  sUidous  rock  combined  with  argflla- 

oeous  matter,  910, 211 ;  varkNia  (inalttieaQi;  912. 
Flat  veins  iu  mining.  265. 
Foraiuinifcrous  khells  (Lat./or«ai«a  aa  < 

or  door),  greoasand  fossils,  107* 
Foragrouud»  aa  important  featum  la  i 

172. 
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Forest  of  DMn,  vast  minona  fields  of  the,  S92. 
Foxeot  maitle,  a  yariety  of  the  oolite  ftmnatlcm, 

71, W. 
rorast  treea,tbe  ooal  fbrmation  produced  ftom, 

87-89. 
Forests,  sabmexged,  71 ;  their  immensitj  In  8. 

America,  218. 
Form,  adrantageof  aocorate  delineation  of,  162. 

FOSSILS  (lAt./09siUs  dngout  of  the  earth),  69 ; 
nature  of.  60 ;  exist  in  aU  mineral  eonditions, 
ib.;  fonOized  organic  remains,  61  et  teq.;  use 
of.  in  geology  and  in  dassincation.  65,  66  ;  ez- 
prew  the  langnage  of  natoro,  65;  the  lower  Si- 
lurian IbasQs,  72 ;  the  upper  SOurian,  74  ;  va- 
rfooa  groups  of,  75,  81,  84,  93,  95,  99, 100, 101, 
103. 105, 107,  109,  118,  ISO;  middle  palnozoie, 
81 ;  group  of  Devonian  and  old  red  sandstone, 
ib.  i  of  the  carboniferous  period.  82,  84 ;  Per- 
nrian  fossils,  90;  sandstone.  93;  llaslc,  95  ; 
oolitic  series,  96.  97;  middle  oo:ite.99{  upper 
ooUto,  100;  Wealden  series,  101 ;  lower  green- 
sand  series,  102:  Keocomian.  103;  upper  green- 
Muid,  104,  107 ;  lower  and  middle  cretaceous 
IbasOs,  105;  upper  cretaceous  series,  106, 109; 
i>f  the  seeondaiy  geological  period,  108  et  teq.; 
of  the  lower  tertiary  period,  117, 118  ;  of  the 
middle  terUaxy,  119 ;  of  the  upper  tertiary,  120 ; 
oftbenewtertiaries,  121,  124, 125;  of  the  older 
tertlaries,  123  (see  Qiologt  and  Rocks). 

Fringing  reef  of  coral.  3S. 

Fnel,  mineral,  geology  of.  216 ;  stores  of,  217 ;  nse 
of  wood  for,  217  et  teq. ;  peat  used  for,  219, 220 ; 
Ugnite  used  for,  220 ;  nse  of  cool  for,  221. 

Fnller^s  earth,  a  variety  of  oolite  day,  71, 97. 

Fu4ultna  eylindrUa  (Lat.  futu9  a  spindle, 
and  ejflindrut  a  ruDer),  a  carboniArons  fbasil, 
84. 

a 

aaierUe$  alfgalsrut  (Lat.  galeru*  a  cap, 

and  attus  Ugh),  a  cretaceous  fossO,  109. 
Ganges,  Iminense  deposits  of  the,  37. 
Ganoid  llshas  (Or.  gano$  splendour,  and  Hdo* 

appearance),  ibesUs  ot,  79,  80. 
Gases,  oxygen  and  nitrogen,  oontrihnte  to  the  for- 

matkm  of  the  atmoephen.  7 ;  in  ooal  mines, 

239,  240 ;  accidents  from,  241. 
Qaidt,  the  Une  day  formation,  104. 
Genius.  Importance  of  truth  In  works  of,  188, 189 
Geography  (see  Phtszcal  Gsoobapxt). 

GSOLOGT  (Qr.  ge  and  togot,  a  dlsoorase  on  the 
earth  or  land),  general  Introduction  to,  1  et 
teq. ;  emteaoes  a  wide  range  of  knowledge,  I ; 
Its  various  departments,  ib. ;  on  the  actual  oon- 
dltkm  of  the  earth's  sorfoce,  2  et  teq. ;  hs 
gsnenl  nstnTe,4|  the  sonroe  of  great  pleasnrs, 
ib.;  mstsrlals  of  which  the  earth  is  formed,  5; 


Incessant  change  of  material  ot^ccts,  7 ;  islands 
and  mountain  chains,  22,  24;  temperature  of 
the  earth's  interior,  28 ;  volcanoes  and  earth- 
quakes, 29-32;  changes  of  level  of  land.  33: 
dnxatlon  of  geological  epochs,  34 ;  depression  of 
land,  35 ;  deposits  of  animal  origin,  41  (see 
Phtszcal  Gsookapht)  ;  a  sdenoe  of  obser- 
vation, 45,  46;  deflnidon  of,  46;  nature  and 
structure  of  rocks,  47,  48 ;  Igneous  locks,  49 ; 
granite,  syenite,  &c.,  49  ?  porphyritio  rocks,  51 ; 
trachytic  and  basaltic  rocks,  52,  53;  metamor- 
phlc  rocks,  54 :  gneiss,  granite,  and  mica  schist, 
55;   distribution   of  metamorphle   rocks,  58; 
aqueous  rocks,  ib. ;  fossils,  59 ;  shells,  60  {  dis- 
tribution of  organic  beings  on  the  earth,  61; 
distribution  in  time.  62  et  teq.;  use  of  fossils  In 
geological  Investigation  and  In  dasslflcatlon, 
65,  66 ;  law  of  distribution  of  organic  beings, 
67;   successive  development  of  species,   69; 
daastflcatlon  of  the  stratified  rocks,  70 ;  Uble  of« 
dasslflcation  of  rocks,  71 :  tertiaiy,  seeondaiy, 
and  palsBoroic  epochs,  71 ;  lower  SUnrlan  locks 
and  foaiUs,  72;  upper  sllurlan  fossils,  74;  flrs: 
state  of  the  earth.  76 ;  axolc  condition  of  the 
earth,  77 ;  state  of  the  sllurlan  ocean,  78 ;  Devo- 
nian or  old  red  sandstone  period,  78 ;  structure 
and  grouping  of  fishes,  80;  middle  palasozolo 
fossils,  81 1  rocks  and  fossils  of  the  carboniferous 
period,  82;  coal  measures,  83;  oarbonlftrous 
fbesOs,  84 ;  oondiaon  of  the  carbonlforons  sea, 
85 ;  fishes  and  shells  of  the  carboniferous  period. 
86;  land  and  plants  of  the  same  pcrioJ,  87; 
carbonlforons  Tegetatlon,  88, 89 ;  Permian  rocks 
and  fossils,  90;  seoondaxy  epoch,  new  red  sacd- 
stone  series,  91 ;  sandstone  fossils,  93 ;  liss  rocks, 
94 ;  liasdc  fossils,  95 ;  ooUac  series  of  rocks  and 
fossils,   96-100;  Wealden  series,  101;  lower 
greensand  and  Keoocanlan  series,  103  et  teq. ; 
cretaceous  fossils  and  rocU,  105,  103 ;  Uack- 
down  or  upper  greensand  fossOs,  107 ;  general 
▼lew  of  the  secondary  gedogtcal  period,  108- 
115{  upper  eretaoeous  fossils,  109;  the  tertiary 
period.  116;  lower  tertiary  rocks  and  fossils, 
117, 118 ;  middle  tertlaiy  rocks  and  fossils,  119 ; 
upper  terdaiy  rocks,  120,  121 ;  newer  terUary 
rocks,  121  (see  Fossils  and  Bocxs) ;  outline 
of  tertiary  series,  122;  seas  and  land  ot  the 
older  and  new  tertlaries,  122-125  ;  the  general 
history  of  geology,  126-128;  of  a  practical  cha- 
racter, 129;  general  oonsiderattons  on,  130;  its 
application  to  the  fine  arts.  131 ;  Importance 
of  a  sdeotiflo  knowledge  to  the  artist,  133  et 
teq, ;  ftnn  and  stractare  of  the  esrth.  142; 
composition  of  rocks,   145;    sirangement  of 
rodo,  146 ;  posttlon  of  certain  rocks,  147 :  moun- 
tain dialns,  ib. :  hill  and  plafais,  148 ;  alterw 
ation  of  rocks,  150;  limestone  mountains,  152; 
their  hardness  and  composltioc,  153 ;  carbonl- 
forons llnMstone,  ib.;  ooUtto  limestone,  155; 
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erataoeoof  UxoMtone,  166;  UmertonM  oC  qw- 
tlnantal  Europe,  155-158;  geolo^od  ac»  no 
giild6  to  pictuNtqm  copdllJoQ,  158. 159;  eqnl 
Um«atoo«,  159,  160;  grottoes  and  st«]«}tttee, 
161;  ciystelUoe  limesumew  16S;  ootoir  ajul 
▼egetatioo  of  limestone  and  aiuid  rocks»168  ;  in- 
diviUkm  of  Muid,  167 ;  qcuutx  rock,  169 ;  dd 
red  aaadstone,  1/0 ;  cUy  rpcJu,  UM74 ;  ar- 
gUlaoeooi  fichlata,  175 ;  OTstaUlne  aad  Igneous 
rodE»  177;  Tolcanoes,  177-180;  basalt.  181; 
granite,  182 ;  gravel  and  boulders,  185 ;  chai«c- 
terlsticsoT  bills,  1S6;  weatberlng  of  rocks,  187; 
T^etatkNiof  yarloas  rodca  and  soils,  188;  truths 
of  geology  to  be  studied  in  detail.  188,  189 ; 
agrloultara]  geology,  191;  nature  and  origin 
of  soils.  191;  geolo^cal  knowledge  necessary 
to  agriculturists,  192 ;  alluvial  soil,  ib, ;  lier- 
tlllty  and  conq;KMliion  of  soils,  193;  Tarioos 
kinds  of  soils,  ib.  ;  derivation  of  soQs  from 
rocks,  194 ;  mineral  manures,  ib. ;  relation  of 

*  geology  to  agriculture,  195 ;  drainage  of  laiuis, 
196 :  water  contents  of  various  rocks,  200  ; 
artesian  and  intermittent  wells,  201 ;  boilding 
materials,  204;  sandstones  used  for  buUdUig, 
206;  oolite  limestones.  207;  limestones  and 
granites,  208 ;  onuunental  stones,  marble  and 
alabaster,  209;  scritentlne,  malacblte,  spar,  slates, 
and4i«*tonos,219,  211 ;  road-making  aqA  road 
material,  212 ;  road  stolf  and  {tUetlo  mataiUls, 
213 ;  brick  sjsd  poreolain  cli^s,  oeiaanta,  and 
arUfldal  stone,  ib. ;  biick  day.  fire  clafs,  and 
porcelain  days,  214 ;  cements  and  moftazs,  ib^ ; 
plastcn  and  artificial  stones,  216 ;  geelogy  of 
mineral  fud,  t'5.;  stores  of  fud.  ib. ;  pea^  and 
lignite,  220;  distribution  of  coal,  221 ;  origin  of 
Qoal.  223i  varieties-  and  aga  odf  coal,  228»  230; 
ooal-fields»  233;  iron  stones  and  pyrites,  235; 
explosive  gases  in  coal-mines,  23!)  et  tg^i 
mining  in  stratified  rocks  and  alluvia,  251 ; 
gold  T"' '*<»>«,  and  distribution  of  g<d(^  251  e/ 
teq.  I  mining  in  mineral  veins,  263  el  uq, ; 
practical  uses  of.  2M  (sea  Mmixa). 

Geordic  lamp,  for  use  in  ooai  mines,  2IA. 

Geysen  sivlng,  of  Iceland,  28. 

Glaciers  (Lat.  glaci»>ta  congeaU,  migbitr  »9miM 
of  change  on  th*  eartb's  snriaeei  3&i  aladar  of 
tbe  Bbone.  39. 

Globe,  land  and  water  of  tbe,  5,  6«  l^  17 ;  pci- 
msval  state  of  tbi^  76;  in^riant  cbangeeinits 
snrfaoe,  77. 

Glyptodon  (Gr.  glypto  to  carve,  and  M/tHSrUs 
teeth),  of  the  tertiary  fonnation,  125. 

Gneiss  rock  (Ger.^iiet«#  aovstalUzed  mineral), 
its  coustitnent  materials,  bif\  subject  to  gijeat 
changes,  <A. 

Goaf,  the  Impure  gas  In  coal-mines,  241. 

GOX.S  OKS,  mining  for,  257;  geological  distriba- 
tion  of,  251 ;  operations  of  washing.  252;  work- 
ings of,  in  Siberia.  Caiifornta,  and  AusUalla,  ib.\ 


ik^l  aws1iimatton>  ik| 

gold- working.  263,  254 ;  tools,  < 

86i;  CaUfernlan  msttioda  oC  vsridKri  «.| 

Chilian  method,  256. 
Gonlopagtts  n^}or  (Gr.  fania  %o«»oaa)ed  |1m% 

andpi/ge  the  natet),  a  greeasaii«  fi)«i»  187. 
Granite  (Fr.  granii,  or  Lat.  grm»vm*,^ptiB^ 

veins  in.  49;  tbe  material  of  many  nnstratlfled 

igneous  rocki^  50,  &U  dlaintegratod.  5«;  sells 

derived  from,  193;   oMd  fiar  b«il4ias»  9K; 

scenery  and  foanation  o^  182;  weMharioc  of, 

183 ;  vegeUUon  on.  1^4;  tacietjr  oC  farm,  »*. ; 

mountains  of,  185. 
Gravel,  convej-auce  of;  by  ioe,  39;  tMtliKr  de- 
posits of,  71 ;  compodtkm  of,  IS5. 
Grayness  of  the  atmosphoro,  t|w  ^9Kt  a  ppuried 

phenomenon,  187* 
Green  poiphyi?',  description  of,  51. 
Greensand  scenery,  description  of,  165^ 
Greensaud  series  (lower  and  nppcr),  oftitea 

axy  epoch,  71, 102, 104 ;  dweiap«d  in  ' 

parts  of  England,  164. 
Greenstone  rock,  51. 
Grit,  mUlstooa,  83 ;  acenary  of;  L68. 
Qryphaa  »rcuata  (Gr.  gryp*  a  ^riflta.  Iiit. 

arcuaia  arcbed),  alias  fiMsO,  94,  95. 
G.  columba  (Lat.  col4»si5a  a.pigjwn^.^i 

sand  spodes,.  107. 
O.  dilatata  (Lat.  dilalafa  et^mhA),  I 

oolite  spedes,  98,  99. 
O.  virgula  (La(.  virgula  a  rod)^  a» 

oolite  species,  100. 
Gulf  Stream,  account  of  the,  16^  17. 
Gypsuon.  beds  oi;  In  the  new  sed  ffltfttoo^  9$i 

in  the  Paris  daposltv  U7i.  uwd  in.  i 
r,  216. 


Hematitic  conglomoates  fbond  at  tlie  basaof  tlM 

new  red  sandstone,  262. 
Hastings  sand,  of  tbeWealden  seriM»7l,Mi,jyiL 
Haswell  coal-mine  aflddent*  24S* 
Heat  01  tbe  earth's  intfiricar»  27,.  28, 
Heaton  Main  Colliery,  inHn4atinnia  tbe^Sdlg. 
HemieotfHites  pyriformi^.  (Giv  V— 1<  "rrl  rtr 

mtos  half-completed;  Lat.  "{^bs  slHvad*').  a 

Sllozianfosdl,  73. 
Hills,  structural  pbenoofiRA.  of^  110  i  chanQl»* 

istics  of,  186. 
Hlppurlte  (Gr.  A<p|>p<  a  bona,  and  aiir*a4riD^ 

a  cretaceous  fossil.  106. 109. 
Holland,  draining  of  the  fen  lands  of,.  196^ 
Holoptychut  (Gr.  hoUt*  the  whote*  wd^ff4p.a 

fold),  a  foeaU  fish,  85. 
Hornblende  rock.  521,  53. 
Hoteprioga,  28. 
Botching,  nFplimitlinnftlntnrmln  rtmnli^TiMrt 

ores,  2SG. 
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Hfilica  (Or.  hfa^^9 

B^loosaurus  (Or.  hyle  wood,  und    *«mto9  a 

fizard),  a  gigantic  foitfbBi  Npdto  aftha'WSaal- 

««iftraiatiM,  lOS; 
J|KP«ii^A«ertMi<0#  <i<g»nM   (Or.  %90»  itn- 

Mo#,  and  krinon,  Uke  a  Uly  llowtr;   ftat. 

^••i*««  gxaocflil),  a*8ftetan  fiMsfl,  71^. 


Ice.  efltets  of.  on  the  smrfkoe  oftha  earth,  38 ; 

conTeyance  (rf  graval  by,  39. 
Icebeirgs,  number  of,  in  the  northern  Atlantic,  St. 
Iceland,  physical  phenomena  of,  3 ;  hot  sprlngB  of, 

88.  S9:  TolcanoeB  bi,  30. 
lelkthyodomlite  (Or.  ichthnt  a  fish,  tforwa  hmce, 
and  HthoM  a  stone),  a  Keocomian  fbsaQ,  103, 
IM. 
DchthyoMonia  (Or.  ic\thu9  a  fish,  and  aaurot  a 

lizard) .  account  of  the,  112. 
Idrla,  qnickflllTer  mines  of.  270. 
IgnanMon,an  extinct  gigantic  hzard  of  the  Tftel- 
den  Ibrmation,  101, 102;  fbesU  teeth  ofthe.  101. 
Igneous  rocks  (Lat.  ignU  fire),  consisting  of  gra- 
nite, «yenlte,  pocyliyiT,  gfMUIOBe,  serpanttne* 
fnafts,  &e.,  49. 
Igntoas  thaoi7  ofthe  IbnMlloii  of  aioMri  Tvtas, 
VI. 

\  in  Undseapa  pitoUnf  to  be  strictly 
,199. 

rdepasilior,  1I». 
!    iBteerlal  animalcalfla  (Lat.  infnttf  inftasad,  and 
<Nitm«/e«/a  a  little  insect) ,  contribute  to  change 
fhephyakal  itetaresof  the  globe,  42. 
i    Ireland,  eerbottlferoos  limestone  rocks  of,  15S. 
ItaB  ores,  abnndaaea  of,  in  Bngland  and  Wales, 
980-969;  principal  localities  where  fbond,  ib, 
I     Ironstone  oootelned  in  coal,  835. 
I    ironstonesoftheltes  formation,  0f;  in  the  Clyde 
district,  983. 
Idnds,  ptaysical  geography  of,  91, 29 ;  ftons  of, 

laie  or  W1«iit,  deporili  of  the,  n»  117 :  needle 
locks  of  the,  I4ft. 

i  ^ 

I    Jamw  coal-mine  accUeal,  94S» 

1    Jigging  maehiae»  useA  ftr  tho  prQp«r«ttMa  «f  OiM, 

I        257. 

Jointed  strnctora  of  slate  peek,  fi9« 

JomUo,  in  Mexico,  voioiuia  eniplioft  of  the^  ai« 

Jurassic  toilet,  (sea  Oouzic  isitot). 


Randal  Steig,  Swltxerland,  Wewcf,  199^  \4^ 
Keeaa'a  esaacnt,  rtesarlpMnn  oi;  SW. 
Kettoway  rook,  a  wfa«rialon  of  thaariMi 

series,  98. 
Kent's  LeMo,  nair  Tenqpay,  riMP  of;  14f • 


9A1. 
TlniiiiMMgi  d^r,  the  loeal  name  giviaa  to-aanb* 

illiiipiaa  of  the  odHta  loeto,  190. 
Knowledge,  nsefhl  to  the  arts  eflift^  139. 
Konlgsteln,  moontala  of,  \Wf. 
Konla,  Tolcano  of,  in  Asia  Minor,  181 


LabyrinthOdon(Or.  /a6y WhIAm  alalvrialh,  and 
ed9n<e«  teeth),  foSBUnmaint  oTrarions  spefliBt» 
99,  93.  108. 

Lagoon  islands,  ftirmed  of  coral  neka,  99. 

Lakes  and  inland  seas,  physical  eoography  of,  19. 

Lancashire,  mineral  fields  of,  262. 

Lancaster  sands,  view  of,  168. 

IrfUMl,  proportion  of,  oa  the  earth,  5 ;  diriiibatloii 
aad  form  of,  19;  form  of,  on  the  earth's  sorfkce, 
29 ;  condition  of.  In  Europe,  21  ;  change  of  level 
of,  33  ;  elevation  of  large  tracts  of,  38,  34  ;  evi- 
dences of  depression  of,  35, 36  ;  great  changes 
of,  at  the  carbonllbroas  period,  88 ;  animals  ex- 
isting oa  H  daring  the  seoondavy  period,  118  et 
seq.:  ofthe  older  tertfarles.  19f ;  of  the  newer 
tertiaries.  194;  drafaiage  of.  199. 

Landscape,  foreground  an  important  foataroln*  172. 

Landscape  painting,  dlflfe  aad  reeks  accessary  to, 
165 ;  imitation  to  be  atrielty  aeoncite,  199. 

Landscape  scenery,  phyaiogaomgr  or.  146,  149 1 
alteration  of  rocks  as  affecthig,  150,  151..  (lee 

SCKNERT). 

Langnedoc,  view  ofthe  plains  of,  149. 

Lava,  of  voleaBoea,  31 ;  of  vticanioioeks»  177. 

Lead  ore,  process  of  dressing,  285  ;  in  the  gnat 

ndnes  of  AAoilNadB,  2B5n ;  vast  qoaottly  latooft 

296k 
Lebm  deposits  of  the  Bhine  valley,  121 . 
LepUodendnm  (Or.  lepi*  a  scale,  aad  dtniron  a 

tree),  ofthe  carboniitorona  period,  88f  the  geo- 
logical coal  plant,  224. 
Leptaena  lejds  (Or.  leptos  mianta,  aad  tepi*  a 

scale),  foesU  ofthe,  81. 
Level  of  land,  physical  chaaga  of,  39^  8«. 
Lias  (Ger.  layers),  the  arglOaoeeaa  taa»la  ofthe 

oolite  range.  94  ;  the  lewerllas  ahaie,  i*. 
Liasrie  animals, reatoratlen of.  111. 
Uaasle  series  of  the  seeeadaiy  epoch,  7I»  M; 

numerous  fosrils  of  the,  91,  95, 96. 
Lifting,  operations  of,  in  minsa,  2M. 
Light,  nature  aad  nee  of,  134;  laflaaloa,  Telrao> 

tfoo,  aadalaerptloaof,  136;  pheaOTneaa  ofthe 

dimuion  of,  136;  natural  aad  artiAd^  187; 

effects  of,  on  rooliS)  187. 
LlgnMB  depeaha  f  bat.  /i^^wMi  wood).  In  Ite  ufp« 

greentand.  MC.  191 ;  ossd  aaftwl,  299w 
LiHenrteln.  moontain  of,  167. 
Ltaneoloae,  carboaUbraaa^  168;  a  vast  liiiiiW'Of. 

in  Northumberland,  285n ;  tertiary  diposHs  of. 

In  Sldly.  71.  121;  deyorilsaf,  atCBnlagflB,  121; 

monntainsof,  oathaeeaetof  Axvadia,  iS^ 
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limMtone  rocks,  74$  Ibsdls  of  the,  81,  83 ;  hard- 
Bflts,  form,  and  colour  of.  153     oolitio,   1&6 
carbonlferoo*  and  cretaoeoofl,  156 ;  of  oon^liMntal 
Europe,  150-158. 

7,  cfaaracterlstlos  of,  l&l,  154  et 


LimestooM.  recent,  of  coral  Idands,  160;  crystal- 
line, 162;  colour  and  regetation  of,  ib. ;  used 
forbtilldlnc.207.206. 

LimUlu*  rotundu*  (Lat.  limulut  askew,  and 
rotundu*  round),  a  carbonlferons  fossil,  84. 

Uncolnshire,  drainage  of  the  fiens  of,  196, 197. 

Linguta  Lowitii  (Lat.  lingula  a  little  tongae), 
a  Stinrian  fimU,  75. 

lithographic  limestones  of  BaTaria,  71, 101. 

LitvUet  eornu  arietit  (Lat.  lUuut  a  carved 
tnimpet,  and  Lat.  **•  ram's  horn**),  a  Silurian 

fiM8il,73. 

XJanberris  slate  quarries,  211. 

LochlCTen.  aurora  borealis  at,  138. 

Lodes,  dcscripUon  of,  278;  direction  and  magni- 
tude of,  in  mineral  beds,  266;  varloas  methods 
adopted  for  the  discovery  of,  273,  274. 

Loess  depoiits  of  the  Rhine  valley,  71, 121. 

London  day,  7L  117. 

Lord's  dues  on  mining  operations,  2/5. 

Lodlow  groan  of  rooks,  74. 

Lurlei,  on  the  Rhine,  view  of  the,  175 . 


Kachliws  used  in  the  preparation  of  ores,  257, 

858. 
Hadgno  rocks  of  Italian  geologists.  108. 
Magnetio  canents  (Ltt.  magnet  the  loadstone), 

44. 
ICaladiita  (Or.  ma/acA0  moontain  green),  osed 

fi>r  decorative  boUdlng,  210. 
ICanores,  minersl,  194. 
Harlde  rocks,  162. 
llaitdes,the  Tariouskhids  of,  809. 
Mizine  cairents,  phenomena  of,  15;  their  coune 

in  the  Atlantic  16. 
Marl  deposits  of  (Bningen,  121 . 
ICaristone,  a  variety  of  the  lias  deposit.  71,  96. 
Mamplal,  gigsntio,  IbwUs  of  the,  found  in  Aas- 

txalia.125. 
Martin's  cement,  316. 
MasHudinsetti,  cmtle  bonlden  in,  121. 
MastSdon  (Or.  maMto*  the  breest,  and  odou$  a 

tooth),  of  the  older  tertiaiies,  123. 
Matter,  inoesssnt  changes  of,  7. 
MCfallahthys(Or.  meguloe  great,  and  ieMhUBB. 

ilsh),  of  the  cartxmUSBrons  sea,  85. 
Megalosanms  (Gr.  megalos,  and  sauros  a  lisard)* 

a  giffuitio  ftMsillaed  xeptila  of  the  Weaktenibr- 

maUon,  108. 
Meiatlieifann  (Or.  megat  great,  and  therion  a 

Iwttt),  of  the  newer  tertlailei,  186. 


Mendip  hills,  limestone  rocks  of  1  f-^. 

Meso-aolc  ^Gr.  mesos  middle,  and  moos  ttSb}, 
117n. 

Metals,  distribation  of,  867. 

Metamorphlcrock  (Gr.  meta  change,  and  morpke 
form),  47, 54;  twoUndaof,  57;  distribation,  ^% 
and  position  of,  58. 

Mica  schist  (Lat.  mieoto  gttttor,  andGr.  JcAtafa« 
fliable),  rooks  of,  55,  56. 

Millstone  gilt,  of  the  cartKmiftrons  series,  71,  S3; 
locaaties  where  found,  168. 

Mine,  meaning  of  the  word  in  BraiU,  253jk. 

Mbieral  fuel,  geology  of,  216. 

Mhkoral  manures,  194. 

Mineral  veins,  geology  of  mining  in,  263;  fiOIns 
of,  and  intersecting,  267;  of  the  nature  of  flo- 
sures,  288;  aqueous,  theory  of,  269;  theory  of 
sublimation  of,  269,  270;  where  found,  and  the 
various  methods  adopted  for  the  discovery  d, 
272  et  seq.;  absence  of  any  universal  methoiL 
272. 

Mhieralixation  of  coal,  826. 

Minerals,  tend  to  assume  definite  forms,  44. 

MIKES  and  MINING,  appUcation  of  geology  to. 
130;  boring  and  stnkiDg  tbt  coal,  238;  rinfl 
sinldng,  837;  stopping  oat  water,  ib.\  Tsdom 
plans  of  working,  838;  noxious  gasea,  839; 
flie-damp,840;  veniilatton,  240. 212 ;  aoctdcDts^ 
242.  247.  848;  expedients  to  avoid  them.  843 
the  Davy  lamp^845;  necessity  of  legislatMn  ie 
coal-minins,  850  (see  Goal);  nUnlng  in  stroll- 
fled  rocks  and  alluvia,  250;  mining  for  gdil, 
251  et  eeq.  (see  Gou>);  Tarloos  implem«ni» 
need  in  nUning,  257,  258;  tin  streaming.  859  ; 
diamond  wasting,  t6^;  account  ot  icoa  ona^ 
260;  the  most  important  localliieA  fmr,  in  £aff- 
land  and  Wales,  260.262;  treatment  of  ontt 
863;  salt  works,  ib,;  geology  of,  in  nUnacai 
veins,  ib,i  rake  veins,  264;  piiM)  vdns  and  flai 
reins,  966;  direction  and  magnitude  of  lodci^ 
866;  fliiing  of  veins,  867;  intersecting  velAs. 
ib.;  distribation  of  metals,  ib.;  gossans,  868; 
diflhrent  theories  respecting  mineral  veins,  869- 
272 ;  methods  adopted  for  the  discovery  of  mineral 
veins,  878;  coBteaning,873;  8hodiug,<d.;  oper- 
ations of,  875;  lord's  dues,  ib,;  tnt-work,  176; 
operattcns  in,  878;  drifts  and  wlnaes,  ib, 
shafU,!*.;  adit  level,  279;  setting  pitches,  it. 
dressing  the  ore,  28h  underground  work,  2SS; 
mhier'b  wages,  283;  drainage,  ib.;  llftfaig  and 
blasting,  284 ;  great  depths  of  mines  in  Cocnwan, 
ib.;  ticketing  da>-8.  285;  lesd-ore dresdng,  ».; 
practical  uses  of  geology  in  mining,  886  et  eeq. 
(see  GBObooT). 

Miocene  (Gr.  meion  len,  and  kainte  new),  a 
term  apfiUed  to  the  middle  fonnatloa  of  the  tcr- 
>tiaxy  epoch,  116a. 

Mirage,  atmoqthfldc  Uladoa  of  the,  135,  IW. 
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MiflstMlppU  its  TMt  magnltade,  18. 

MiMoori.  itfl  gnat  extent,  18. 

Mola— a  of  SvfltxerUnd,  a  dspostt  of  the  middle 

twtlaiT  period.  71.  U7. 119. 
Monte  KnoTO.  in  Kaplee,  (temed  by  a  rolcanlo 

eruption,  31. 
Monte  Boeai,  formed  by  the  volcanio  emptlon  of 

Etna.  31. 
Hmmtain  ehalofl.'pbyBlcal  geography  of.  24.  25; 

table-lands,  plains,  andyalleysof,  25;  geological 

fliystem  of,  147. 
Mountains,  different  forms  of,  24;  phydcal  eha* 

racterlstlcs  or,  25 ;  orLUleostein  and  Konlgsteln, 

1«7;  of  granite,  185;  characteristics  of ,  186. 
Mnd,  sabterranean  eruptions  of,  29 ;  tertiary  de- 

podts  of.  In  cayems,  71. 
Maesoler  lamp,  for  oao  In  coal  mines,  245. 
Mnachelkalk  (Oer.  "  ahell-UmestonO*  its  gcolo- 

gieal  formation,  71f  91. 
MylSdon  (Gr.  mflo*  a  grinder,  and   odontes 

^teeth),  of  the  tertiaiy  formation,  125. 
,lffophor1a  (Or.  mpot  a  mnsde.  and  phero  to 

bear),  a  red  sandstone foeiQ.  92. 
M,  lineata  (Gr.  myos,  and  pA^ro  to  bear),  a 

red  sandstone  spedes.  93. 


Natural  history,  on  the  general  study  of,  131 . 
Natm«l  sciences,  advantage  of  the  study  of  the,  5. 
2{'atnze,  on  the  study  of,  42  et  teq. ;  the  language 

of.  expressed  by  fossils.  65;  the  study  of.  as  it 

exists.  66. 
KauUluM  Danieut  (Lat.  nauta  a  sailor,  and 

Danieut  of  Denmark),  a  cretaceous  fossil.  106, 

109. 
y.  Koninekii,  a  carboniferous  species,  84. 
Needles.  Isle  of  Wight,  23.  24.  145,  157. 
Neooomian  deposits   (Lat.  Jfeoeomum)^  of  the 

secondary  epo<di,  71  #  102;  fossils  of  the.  103. 

104. 
NereUes  Cambrentis  (Ger.  nerita  aihell-flsh). 

fosril  of  the  paheoKolo  epoch.  72. 
^Tewcastlo  method  of  working  coal.  238. 
Nile,  lu  fertilizing  soil  and  constituent  elements, 

193. 
Nimbus  cloads,  141. 
NorQiem  hemisphere,  physical  phenomena  of  the, 

3. 
Northombcrland.  vast  mineral  fields  of.  261. 
Norway,  geological  elevaUons  of  the  coast  of.  35 
NotUngham  castle,  scenery  of.  165;  caverns  at. 

166. 
NammolTtes  (Lat.  nummu*  money,  and  lithot  a 

stone),  a  lower  tertiary  foasU.  71. 117»  US 
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Ooean.  Silurian,  primeval  state  of  the,  78 ;  physi- 
cal distribution  of  its  waters,  13;  its  variona 
divisions.  14;  the  Paciflc.  the  Atlantic.  andCh* 
Indian  oceans.  ib.\  its  general  depth,  ib . 

(Enlngen.  marl  and  limestone  deposits  of.  121. 

Oolitic  series  (Gr.  oon  an  egg,  and  /f ^Ao*  a  stono)» 
of  the  secondary  epoch,  96  et  teq.\  upper,  mid- 
dle, and  lower,  97;  groups  of  fosaQs.  1^-100. 

Oolitic  limestone  rocks  of  England.  155,  156. 

Opoasnm,  oolite  fossil  Jaw  of  the,  97. 

Ophloliterock  (Or.  ophi»  a  serpent).  52. 

Ore.  various  implements  used  for  crushing,  siftiBg, 
&e..  257.  258;  preparation  and  treatment  of, 
263;  the  dlfforent  veins  of.  263'9B7;  direction 
and  magnitude  of  lodes,  266;  various  methods 
adopted  for  discovering  the  presence  of,  278  0< 
aeq. ;  dressfaig  the.  281 ;  tickeUng  days  for  the 
sale  of.  285 ;  process  of  dreasbig  lead  ore.  ib. 

Organic  beings.  foasUlaation  of.  60 ;  geological  dla- 
txfbntionor,  61.  67. 

Orthis  rustica  (Gr.  orthoa  straight),  a  Silurian 
foasU.  75. 

OrthooerUite  (Or.  orthoa  straight,  and  kerat  a 
hcnn),  acarlMHiiferonsfoasa.  84. 

Oitrea  Mar$Mi  (Gr.  o»treon  a  shell),  a  middle 
ootttafossQ.  98.  99. 

Otadut  obllquus  (Or.  ol09  of  the  ear,  and 
otfott«atooCh;  Lat.  obUquut  oUique).  a  ter- 
tiary fossil.  118. 

Oxford  clay,  a  variety  of  the  middle  oolite  series, 
71.98. 

Oxj^gen  (Gr .  osys  add.  and  gennao  to  engender), 
lis  unlvenal  presence  in  nature^  7. 


Fahithig.  art  of.  dependent  on  icientlflo  know- 
ledge. 133. 

Palnotherium  {Gr,  palaioa  andent.  and  tktrlon 
a  wild  beast),  an  extinct  genus  of  the  older  tor- 
tiaries.  123. 

Palaozolc  epoch  in  geology  (Or.  palai^a,  and 
MQOs  Ufo).  different  formationa  and  fossils  of  the, 
71.  72.  81 ;  recapitulatory  remarks  on  the,  90. 

Fafaner's  Cahn.  Ludlow,  view  of.  157. 150. 

Palmyra,  view  of  the  ruins  of.  143. 

Paradosldea  »pinul9*u*  (Or.  paradoMia  mar- 
vdlousness;  Lat.  tpinotug  thoniy),  foasU  of 
the  palieozoie  epoch,  72. 

Parfadia.  phenomena  of.  139, 140. 

Parian  cement,  216. 

Paris  basin,  depodts  of  the,  71, 117. 

Parker's  cement,  215. 

Parnassus.  Mount,  spring  of  water  on.  1^. 

Parrot,  a  ooaxser  variety  of  cannd  ood,  SS8. 

Peak  of  Derbyshire,  its  mountain  scenery.  IM. 

Peat  used  as  Aid,  219,  220. 

Peat-bogtf,  straU  of,  71. 

Ptenn  (Lat.  pecten  a  comb),  alias  foadl,  96,  M. 
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P.  quadrico9iatu*  (LiU.  "afirar-xibbedoomb^ 

aKeooomianfoMU,  108.  104. 
PwAyn  Bl«te  quuiy,  21 1 . 
Pentacrmu*{Qt.pen4ettm,»Mdkrin0na3Hj), 

a  Um  foMU,  M. 
P»/tt4eieul9tH4  (Qt.  petUe  ftre^  tad  krin^m  a 

my;  Lat./a«cte«/««  a  Inmdla).  a  IomU  of  the 

Beoondarypttiod,  110,  111. 
Pentamirtu  Knifhtii{Qr.  perUe  and  mw9 

divided  into  flra  puts),  a  SUntUn  tomU,  76. 
Pepandayang,  a  momUaia.  i&  Java  swaUowad  «p 

by  a  'woloam,  SI, 
PcKh,  IbMU,  10. 
Pwmlan  aeilettsooallad  flram  tho  aneftant  kingdom 

of  />9rm  In  Bnnia).  rooks  and  IbaaUa  of  the.  80. 
p«Mpoeave.  aMal.  141. 

PKifflMtiMM,  a  naiM  ftrmariy  elv«a  to  fiMBUs,  60. 
Petwoftti  imrMa.  IM. 
PhilOMptay  (Or.  jiAUo*  and  aofAo«  ttie  love  of 

wladom),  province  and  objeoti  of,  5, 
PfMTOt   eanttUenlMu*  (Gr.  pkoroa  boaitaff; 

Lat.  eanalieuiatu*  channelled),  a  cretaeaoos 

ftMll,  lot. 
Phpsa  eolumnari*  (Or.  pk99m  a  tdaddor,  and 

eoimmmavit  pmar-ahMpartj,  a  tower  tactiaQr 

fbaaU,  117.  118. 

POTSICAL  GBOOBAraT  <Gr.  pkptik^  na- 
tural ;  ge  and  graphe  a  descripUon  of  the  aarth 
or  of  hmd),  gwitwil  twaMae  oa,  »  e<  teq,;  eon- 
diilon  of  the  earth's  surface,  8,  3;  the  vaorioM 
oatileolB  itambnoaa,  4;  Its  eoaneacioii  wUh  ge- 
ology, ib.;  dlatrilaaianofland.  6;  maDariais  of 
which  the  earth  is  formed,  ib, ;  elementary  sub- 
stancea,  and  the  forcea  acting  on  them,  6;  map 
of  the  world,  ib.\  Inoesant  change  of  material 
objeets,  7;  aonarttatlcw  of  the  atanoaphava,  8; 
uses  of  the  atmosphere,  9;  and  tho  changaa  of 
Us  oondMon.  10;  periodic  winda,  W ;  rato  and 
wow,  IS;  dlHrtbullon  or  water,  13;  tbo  aaean 
andits  divisions,  14;  tides  and  waves,  15;  aaattee 
oanaBCa,  16;  drealatian  of  wateron  tteflloba, 
17;  tiaoda  and  arita,  M.;  ilifara  and  river  aya- 
taau.  I«;  ]atesaBdfailandaaaa,19;  diatributkm 
and  fonn  of  land,  ik,;  oaattneata,  21 ;  Maoda, 
22,23;  acUoa  of airandwatarottcsiMMd  coasts, 
M;  mountain  ohatan,  ib.\  tafato-landa,  plaioa, 
and  ▼aUara.  96;  rwaditiona  ofoUmata,  and  iitfii. 
ance  on  civilisation,  27;  latodor  heat  of  the 
earth,  27,  28;  hot  apiiofs,  SS;  voloanoea.  Si; 
earthquakes,  31,  32;  changes  of  level  land,  33; 
long  diiratloa  of  geological  apocha,  34 ;  depraa- 
aion  of  laud.  35;  coral  rocka,  ib.;  aaueous  ao- 
tion,  37;  ghMsian and  ioabacgs, 38, 30;  actiou  of 
the  aaa,  40 ;  oqgwic  inflamea,  41;  recapitula- 
tion  of  the  aot^aot.  42-44  (see  dKObooT.) 

Flctareaqueneas,  geologiaal  age  no  guide  lo»  158, 
159. 

Pipe  Tobia  in  nioing,  965 


PiaoUtic  lion  ores  {pisom  aipaa, and  tf  Moa  aatsMaX 

found  in  S.  Wales,  9tt. 
Pitches,  aefetfqg,  inmlw»s,  279, 180. 
Placoid  fldh  (Gr.  plajt  a  broad  "siaie,  asd  eid^ 

laaamWaaca),  afoaaU,  79. 80. 
PlogioatOma  (Qr.  plagioa  obliqae,  and  a/OMa  a 

mouth),  a  cxetaoeotta  tamO,  106»  109. 
Plains,  on  the  aummita  of  mountains,  25;  diosae- 

teristio  soeaory  of,  148;  paodUariyaa  of  al^ 

varied  hi,  173. 
Plants  of  the  aecondaiy  epoch,  92, 110. 
Plaster  of  Paris,  ita  compoailJon  and  nae,  96. 
PhMNio  oMtoriaU,  213  et  aef . 
Plateana  ofmoontaina  (Fr.  p/a/«aaa  plata),  9&, 
Plealoaauna,  the.  111.  119, 113. 
Ple»iosanrus  dolichodeiru*  (Gr.  pletiot  mar 

to.  and  «awra  aUaard;  4olick»a Imig.aad  dsirm 

a  neck),  rcotorad  foim  of  the»  95. 90. 
Pieurotomaria  Santoneuait  (Or.  plemrcm  the 

side,  and  iemno  to  out),  a  cBataoeoaa  lbodl,109. 
Pliocene  (Gr.  pleimm  moaa,  and  kcin^a  now),  a 

teim  applied  to  the  upper  foiftlnw  of  the  tw- 

tiary  epoch.  116  nolo. 
PtiaaaoBaa,  the.  113. 
Plunger,  the  name  of  tha  pnap  naad  In  miBiBg* 

284. 
Pollstena,  effects  of  an  earthquake  at.  32. 
Polyp  (Gr.  poly  and  po4e»  many  feet),  oaaL 

lalands  boilt  by  the,  4L 
Poroalaln  clay,  geology  of,  913, 914. 
Po^hyiy  (Gc  porpht/r^  piuiiU  «Qloar),  aatana 

of,  48. 
Porphyritic  rocka,  51 . 

Portland  oament,  auido  frai&oaxbanate  of  liaDM,.SI5h 
Porttend  lijnestooaa,  a  variety  of  tlia  oolite  aariaa, 

71, 100. 
Portland  atono  naed  for  faaildiag.  207,  908. 
Produetus  korrUug  (bat.  "a  boBible  pninc- 

tion**).  a  Pcnalan  fbsail.  90. 
Piotogine  fbnn  of  roolL  (Or.  protot  fint,  aad 

gennao  to  generate),  50. 
PUriakikyt  foasOa  (Ox.  pierpM  a  wiag«  and 

eid9*  reaemblanae),  gnmp  of,  86,  81. 
P.  eornntug  (Qcpterys  and  tdUAaia  a  winged 

fiah;  Lal.caraatiM  bomed),  a  Dewoolaa  IbasSl. 

81. 
Pterodactyl  (Gr.p taron  a  wing;,  and  dnetpha  a 

flBger),agilgantic  fbwUixad  raptite  of  the  Wealdn 

formation,  102;  lepreeentatlan  of  the,  114. 
PteropSda  (Gr.ji/ area  wiqged,  aad  pods9  IM>, 

fomUyofthe.  U9. 
Pnmpa  uded  In  minaa,  283, 284. 
Purbeck  beds  of  tbe  Wealden  aetlaa,  71, 101, 199. 
Pyrites  eontained  in  ooal,  235. 


Qoaderaandstein  depodta,  106. 
Quadrupeds,  of  the  tartiaif  epoch,  117,  119;  of  the 
older  and  newer  tertiartea,  123, 124. 
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Bala,  phcBomMia  of,  «,  17;  fommtton  of,  17; 

aTerage  fall  of,  199;  tStefcrllMtleii  of.  tIB. 
Ba!n-<douds.  141;  eootcnlvoftlie,  198. 
Raln-droiM,  fossilized,  61. 
BidEo  f«ta  hi  mlntttf ,  9M. 
Bed  marl  of  Snglaod,  193. 
Bed-Bandstono,  great  Tuiety  of,  170, 171. 
Bed-aaiMtotoDe  period  of  the  earf&'B  sartioe,  79; 

fbOBils  of  the.  91 ;  feoOndarr  epoch  ofthe,  91  -98 ; 

Iti  Ibeill  planCB  and  mnlmalt.  92,  94. 
Beefli  of  coral,  ftmnatlon  of,  36. 
Baftoxlon  of  light.  191,  VS&, 
Beftaction  of  light,  134,  135. 
Begor.  the  cotton  nn  of  rndia,  d«potitf  of  tha, 

131;  Its  ftrtUMng  propertfee  and  oonstltaent 

etomente,  1S3. 
BeptUet  of  the  Itu  finmutiDi),  95,  96;  of  the  tar- 

liny  period,  tl7. 
Bhomlras  (Or.  rhomtot  a  IbaNdded  flkwe),  a 

ftMD  of  the  loirer  terttsrtei,  117. 118. 
Bhooe,  glacter  ofthe,  89. 
Bivere,  origin  and  coarte  of,  T7;  ithMOmftha  And 

syitems  of,  18;  the  gveat  rirvrs  and  river  t7»- 

tems  of  Amaitca,  Eimpe,  Afttea.  and  Asia,  /d.; 

raptds  and  fiOls  of,  S5 ;  Inomenae  depodts  of,  37, 

38. 
Boad-makbig  and  materials,  geology  of.  212, 218. 

BOCKS,  the  definite  Ibrms  of,  44;  ntftare  Of,  47; 
their  fbnn  and  u«fhod  of  aggfegatlon,  47;  the 
«qaee«i,  the  Igneoie,  tod  the  metamorpMo,  M. ; 
their  different  names,— porphyry,  conglomerates, 
amygdaloM,  &o.,  48;  Hielr  •emctare,  tb. ;  posi- 
tion of  nnstratHed-wtfei,  ib* ;  Igneous  TodBi,  49 ; 
granite,  49-51 ;  poTphyry,  51 ;  greensMM,  fb. ; 
serpentine,  52;  diallage  rock,  4b.;  tndtytto 
ndkB,  ib.\  hnndtlc,  53;  metamovphtc,  64; 
gneiss,  and  mloa  sehht,  65, 96;  clay  slafa,  56; 
clearageaadjohteed  straetaro,  57;  dfatribotlon 
ofBiitamorphlB  rocks,  68;  aqneotts  rooks,  fb. ; 
arrangement  of  aqneoos  rocks,  59;  Ihtsils  exist- 
ing hi,  69,  09;  general  dlMrfbatton  of  fbsMDs, 
61  4t  ttq. ;  iTsaulfluallftiii  of  stratiffed  nHts,  7^, 
71;  Silarian  rocks  and  (basils,  72.  74;  of  the 
carbonirerooe  period,  82;  Uln  rocks,  94;  oolitic 
series  of,  96  et  »eq. ;  Wealden  aoles  of,  101 ; 
lower  greenaand  series  of,  102 ;  uppercnt^peons 
aertes  of,  MI8;  gwend  rerlsw  of  the  seeondair 
period  of,  108  et  $eq. ;  ofthe  lower  tertlaty  pa- 
tied.  H7:  of  the  uMdls  ttttttry  parfod,  li« ; 
apper  tertiary  rodu,  120 ;  newer  tertiary,  121 ; 
Mkidj  deposits,  ib, ;  amuiu  oiMfts  tai  liaMMSia*' 
setts,  ib. ;  form  of  the  earth  detlTed  limn  the 
great  mass  of  uaaeiiylug  roefci,  W2;  thelMoffle 
rocks.  Isle  of  Wight,  145; 


J!!L| 


of,  ib.:  ammgWMlit  of,  HS;  posMto  of.  I47; 
moontaln  diatna  of,  ib.;  alteratioBs  of,  ISO; 
ItasaMNM  rode,  152-162;  peodbtrftlBa  of  M&4 
rocks,  163;  erosion  of  sand  rocks,  HI5;  the  U- 
BeMMb  and  the  Konlgstehi,  167;  of  dMMnt 
parte  of  Riropo,  ib. ;  hud  satids  of  tho  ot/bo-^ 
MAranioekB,  168;  (fttartarToek,  169;  f«d«kiid-^ 
utoM.  174;  ttattti«  of  itfay  rocks,  171 ;  days  oc 
the  sewudary  rooks,  173;  «hrtes  as  Variotles 
of  clay  rocks,  174;  aigiUaceooi  tchMti,  1?^; 
crystalline  and  igneoos  rock,  1^7;  "totaailc 
rocks,  lava,  andbasah,  ib. ;  iMualt,  181 ;  gfnflte 
rock,  182;  weathering  of  granite,  183;  vegeta- 
tion of  grenlte,  185;  gniv«I  and  bonTdtfs,  lb. ; 
charaetttristics  of  hOls.  186;  action  of  water  and 
efliBCtsofUghton.  187;  treatherIngofro«ks./5.; 
derivation  of  soils  from,  194;  water  contents  of 
various  rocks.  200;  materials  and  bnildlng  stones 
of,  204;  sandstones  206;  oolitic  llttMtOttes,  207; 
granites,  208,  209;  nuttbles,  slatM,  ftc.  200 
et  teq.i  stratified,  mining  In,  251;  stratified, 
mineral  veins  of,  269,  270. 

Boe-slone,  the  provincial  name  for  OoUta,  M. 

Boman  cement,  215. 

BadbMei,  fytOL  fiunl^  ofthe,  106. 


SaftlyktaBp  (see  DrfY  L«li»). 

Satanon,  Ibaril  mnakM  oftie.  80 

SaH  mtees,  notioe  of ,  088. 

Sand,  deposlia  of,  121 ;  IMviliM  <  107,  MS; 

contafais  water  in  large  qnaMttO».  IDO. 
Sand  RMflc,  pecmiaritles  bf.  fOS,  108;  (MMHk  OT 

165;  passes  into  qnartzite,  169. 
Sand  soils,  vaaions  kinds  of,  190. 
Sands  of  London  and  Ham|Mlkif«,  71»  117;  «HM- 

dated  with  dlflk,  163, 164;  Soft  mA  modttllM^ 

hart,  104;  of  the  Saaton  OwMMrtud,  166|  «f 

the  oarboaMroas  iwAts,  108. 
Sandstone,  red,  fossil  Impressions  in  Hib,  #1 9  iba- 

ails  efthe,  81 ;  great  vaitetyoi;  170,  171;  OMd 

iH'  bnlMlng.  296  (see  Ban  BA«»s«wr»). 
Sandstone  rocks.  waterfUIs  abound  In,  171. 
SaadMoae  soeneiy  of  Nottingham  oaslle,  105^ 
Sandstone  series  ofthe  secondary  epoch,  102. 
Saxon  Switzerland,  geological  featOfes  Of ,  108. 
ScagUa  rocks  of  Italian  geologists,  10S» 
Scandinavia,  moaatalnsof,  Oi. 
Scenery,  different  kinds  of,  astocMtad  with  plfy* 

slcal  or  geologlea)  emcRS,  142  H  teq. ;  eoOHMH 

or,  H3;   of  Syria,  ib.\   of  SwftMMHid,  MO; 

peenllar  (teattoas  of  landssapo  soMieiy,  148, 140 ; 

resulting  firom  rocks  and  limestone  forifiatfcwii, 

150, 151,l54e<#«9. 
ScfaUt  (Or.  tehietOB  friaHe),  loekaof,  65,  W. 
Stalenoa,  the  provbioe  and  ol^eOli  «C  <l 

enoeofarton,  132. 
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Sctenoes.  geology  ttocetnry  to  the,  130. 
Seutella  tubrotunda  (Lai.  seutella  t  dleh  or 

Uttleebield,  aud  tubrotunda  rounded  beneath), 

tertUiy  fowUs.  120. 
Sea,  proportion  of,  on  the  eiirth.  5;  phydcal  ac- 

tioa  of  the,  40;  condition  of  the  carbonlferooe 

•ea  during  the  paleozoic  epoch,  85 ;  shells  and 

fishes  of  the,  86;  of  the  secondaiy  period,  112 

et ««?.;  of  the  older  tertiailes,  122;  of  the  newer 

tertiaries,  124. 
Sea  nrchhi,  an  oolitic  fossil,  97. 
Seams  of  coal  recognised  at  the  earth's  surface, 

235,230. 
Seas,  inland,  physical  geography  of,  19. 
Secoodaiy  epoch  in  geology,  dUTereat  formations  of 

the.  71 .  91-108;  general  view  of  the,  108-116. 
Seoondaiy  rocks,  days  of  the,  173. 
Serpentine  rock,  52;  a  material  used  for  decorative 

boUding,  210. 
Setting  pitches  in  mines,  279.  280 
S&ift-sinking  for  coal,  237. 
Shafts  in  mines,  278. 
Shale  rocks,  74. 
Shsm  doors  in  coal  mines,  244. 
Shanklin  Chine,  Isle  of  ITlght,  rocks  of,  167  ; 

watarftllof.  171. 
Sharks,  (bssil,  86,  79. 80 ;  fossU  teeth  of,  119,  120. 
Shell  doors  in  coal  mines.  244. 
Shell  maris,  tortiary  deposits  of,  71. 
Shells  buried  In  mud  under  water,  60 ;  of  the  car- 

boniforous  period,  86 ;  various  groups  of  fossils, 

81,84,93,  95.  99,  100,  101,  103,  105,  107.  109. 

118,  180;  bivalve  and  univalve  (bssOs,  92;  of 

the  liassic  series,  94. 
Shodlng,  the  method  adopted  for  discovering  a 

mineral  lode,  273,  274. 
Shropahire,  vast  mineral  fields  of,  260. 
Siberia,  steppes  of,  26;  frozen  bones  of  tropical 

animals  found  in,  64. 
Sidly*  mbtemnean  eruptions  in,  29 ;  limestone 

deposits  of.  71»  121 :  atmospheric  illusion  on  the 

ooastof,  196. 
StgUlaria  (Lat.  tigillum  a  seal),  a  fossil  tree  of 

the  carbonifiMoas  period,  89;  the  geological  ooal 

plant,  223. 
SUIca  sand,  its  universal  dlflhslon  over  the  earth, 

163. 
SlUdoafl  soils,  193. 
Silnrian  foesUs,  72, 73. 75. 77. 
SUniian  ooean,  primsval  state  of  the.  78. 
Sihuian  rocks,  lower,  72 ;  upper.  74. 
SOnrian  trilobite,  ancient  species  of  the,  69. 
Siphoola  pyilfonn  (Or.  siphon  a  tube,  and  Lat 

pyriformit  pyre.shaped),  greensand  fossil  of 

the,  107. 
Skeleton,  adaptation  in  every  part  of  the,  64. 
Skkldaw,  a  slate  mountain,  view  of,  174.  175. 
Slabs,   argillaoeous  rocks  in  a  sUie  of  partial 
orystallizaUon.  210. 211. 


Blate,  a metamoipUe rock,  56;  deaTageoi;  57 ;  a 

variety  of  clay  rock,  174;  a  mineral  Identleal 

wltb  day,  ib.\  its  peculiar  diaraeteristlcs,  M.; 

geological  dates  of,  174,  175;  axgillaceoaa  rock 

in  a  state  of  partial  ciystalUzation.  SIO,  211. 
Slate  quarries  of  Great  Britain.  21 1. 
Slate  scenery,  peculiarities  of,  176. 
Snow,  phenomena  of,  12. 
Soils,  nature  and  origin  of,  191 ;  influence  of  climate 

on,  ib.\  alluvial,  192;  fertility  and  composition 

of,  193,194. 
Spars  used  for  ornamental  vases,  &c.,  210. 
Spatangu9  cor-anguinum  (6r.  tpatango*  a 

sea-urchin ;  Lat.  cor  the  heart,  and  anguinum 

narrow),  a  cretaceous  fossil,  105. 
Spedes,  successive  devdopment  of.  In  gookigy, 

69. 
Specton  clay,  on  the  Torksbire  coast,  &c.,  104. 
SpharulUe*  ventrieOta  (Gr.  spAaira  a  sphere. 

and   lithot  a   stone;   Lat.    ventrieota   Ug' 

bellied),  a  Neocomian  fossU.  103. 104. 
Sphenophyllum  dentatum  (Gr.  tphen  a  wedges 

and  phyllum  a  leaf;  Lat.  dentatum  tooth- 
formed),  a  fossil  of  the  carboniferous  series,  83. 
Spirifer  (Lat.  »piro  to  breathe,  and  fero  to 

bear),  a  liasB&c  fossil,  96. 
S.  fFalcoti,  a  spedes  of  liassic  fbssa.  95. 
5.  hystericu*  (Gr.  hyttera  the  womb),  a  faaoQ 

of  the  csrbouiferons  period,  84. 
Splint  coal,  a  coarser  variety  of  cannel  coal,  228 

ctn. 
Splitting  the  air,  a  process  fbr  ventilating  eoal 

mines,  243. 
Sitting  of  water  on  Mount  Parnassus,  159. 
Springs,  phenomena  of,  17;  hot,  28;  IntermUteot, 

201. 
Stafibrdshire,  vast  mineral  fields  of,  260, 261. 
Btampfaig  mills  used  in  mining,  257. 
Star-fishes,  fossil  remains  of,  92. 
Steam  coal,  229. 
Stellitpongia  (Lat.  ttella  a  star,  and  tpttngia 

a  sponge),  a  sandstone  fossil.  92. 
S.  variabilU,  a  species  of  sandstone  fossil,  93. 
Stigmaria  (Lat.  tiigma  a  mark),  the  geological 

coal  plant,  224. 
S    Ficoidet  (Lat.  Jieut  a  fig,  and  Or.  eido* 

resemblance),  fossil  spedes  of  the  carboniltaroas 

series,  83. 
Stlper  stones,  hi  Shropshire,  169, 170. 
Stones,  artlfldal.  213.  216;  for  building,  204,  S05; 

Brard's  method  of  testbig,  205. 
Stoncsfldd  slate,  a  variety  of  the  oolite  fonnatioa. 

71,  «7. 
Stopphigs,  for  preventing  explosions  in  ooal  mines. 

244. 
Stntlfled  rocks,  olassiflcatton  of,  70 i  table  of,  71 

mining  in,  251. 
Structure,  importance  crfstodytng,  151. 

Sub-Appennbie  beds,  71, 117. 
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SabUmadoa.  thaozy  of.  In  tbe  production  of  mineral 

Teina.  269, 270. 
SnsBex  marble,  102. 
Switaeerland,  i^dcal  phenomena  of,  3;  ecenery 

or,  143. 
3jenit«roGk  (flrom  Syene,  a  city  of  Egypt),  50. 


Table-lands  of  mountains,  2a. 

Tdiomoiem,  fertilising  aoll  of  the,  and  its  consli- 
tnent  elements,  193. 

Tbboxnosem  depoeita  of  tbe  Caspian  Sea,  121. 

Teeth  of  the  shark.  fbssUlzod.  120. 

Totooaaams  (Gr.  teleio*  perfect,  and  sauro*  a 
Uzard),  112. 

Temperature  of  different  oonntriee,  26;  of  the 
earth'e  hitexior,  28. 

TerebratUla  sulcata  (Lat.  ttrebro  to  bore,  and 
sulcata  furrowed),  a  Keocomian  fossil,  103, 104. 

T.  digdna  (Or.  digona  double-angled),  a  spedea 
of  cretaceous  Ibesil,  105. 

Tertiary  epoch  in  ffoologj  (Lat.  tertius  the  third), 
different  formations  of  the,  71*  116;  the  terms 
Eocene,  Miocene,  and  Pliocene  given  to  the 
lower,  middle,  and  upper  fbrmatlons,  116  note  ; 
lower  tertiary,  117;  middle  tertiary,  119;  upper 
tertiary,  120 ;  Tarioiis  deposits  and  fossils  of  the, 
117.  118,  120,  121  outline  of  tertlaxy  scenes, 
122  et  »eq. 

TetragonolCpls  (Ur.  tetra  four,  gonia  an  angle, 
and  iepie  a  scale),  restored  fbrm  of  the,  95,  96. 

Textnlarla  (Lat.  testu*  woven),  a  middle  teniaxy 
fMsil,  119,  120. 

Thebes,  view  of  the  plains  of,  and  its  muddy 
detritus,  172,  173. 

Tketie  lavigata  (Or.  Thetit,  and  Lat.  laevi- 
gata smoothed  down),  a  fbssU  shell  of  the 
ITeocomlan  scries.  104.  105. 

Ticketing  days,  fbr  the  sale  of  ores,  285. 

rldal  action  on  a  coast,  41. 

Tides,  physical  causes  and  agencies  of,  15. 

Tilestone  rocks,  74. 

Tllgatebeds  oftheWeaklen  sexica,  102;  remark- 
able reptUlan  fossils  of  the.  102. 

Till,  deposits  of,  121. 

Tin  atreaming,  the  mining  operation  of,  259. 

Tortoise,  Immense  fossil  of  the  newer  tertiary, 
124,  125. 

Towns,  water  supply  fbr,  199,  2t)l . 

Traehytio  rocks  (Or.  traehys  rough),  52. 

Trade-whids,  11. 

Trap  rocks  (Dan.  trappe  a  stair  or  step),  54. 

Trees  of  the  carboniferous  period.  88,  89. 

Triaaslc  Umpet  (Or.  tria*  three),  the  foaall,  93. 

TMaasIc  series  of  the  seoondazy  epoch,  71.  91. 

Trigonia  alaformi*  (Or.  treie  three,  and 
gonia  an  ani^;  Lat.  ala  a  wing,  and  forma 
Bbape).  a  NeocomJan  foaall.  103. 


T.  gibboea  (Lat.  gibboea  crook-baokad),  aa 

ooUdc  fbsaU,  100. 
T.  ecabra  (Or.  trigonia  triangled,  and  Lat. 

eeabra  rough),  a  creuoeons  fossil,  106, 109. 
Trilobltee  (Or.  treie  three,  and  loboe  a  lobe). 

ancient  spedea  of.  69;  foasllized  72.  73;  groups 

of,  74.  75. 
Trout.  taU  of  tbe,  80. 
Thith.  importanoe  of,  in  works  of  genius.  186. 

189. 
Tubbing,  method  of,  in  coal  mines,  237. 
Turbo  eubeoetatue  (Lat.  turbo  a  top,  and  eub- 

costatus  ribbed  beneath),  a  red  sandstone  ftosail, 

81. 
TurrlUte  (Lat.  turrie  a  tower,  and  lithoe  a  stone) , 

a  gaultfoaaQ.  104,105. 
Tut-work  for  mining  operaUons,  276,  277. 


Underollir.  Isle  of  Wight,  geological  fiaaturea  of 

the.  164. 
Underground  work  in  minea.  282. 
Unio  H^aldeneis  (Lat.  unio  the  onion  pearl),  a 

Wealden  fbasU,  101 


Yalleya,  physical  characteristics  of,  25. 

Vegetation,  coal  formations  produced  (hnn,  87;  of 
calcareous  rocks,  162;  scanty  ou  the  red  sand- 
stone and  quartz  rock,  171 ;  on  granite  reek, 
184;  some  curious  results  of,  188. 

Veins,  mineral.  263, 264 ;  rake  veins.  264 ;  pipe  and 
flat  veins.  £65;  flliing  of.  and  intersecting,  287 ; 
aqueous  theory  of,  269  r  igneous  theory,  271; 
electrical  theory,  ib.  (see  Mxxxrai.  Vxxhs). 

Ventilation,  necessity  for,  hi  coal  mhica.  240,  912; 
various  methods  of,  243, 244. 

Vienna,  tertiary  deposits  of.  71. 

Volcanic  scenery,  peculiarities  of,  177. 

Volcanoes  (Ital.  ftom  Vulcan),  physical  charac- 
teristics of,  29.  30;  range  of,  in  different  parts 
of  the  worid,  30;  violent  eruptions  of,  30.  31 ; 
lava  of,  31 ;  eruption  of  JTorullo,  in  Mcjdoo,  ib, ; 
ofCotapaxi,  Mounts  Etna,  Vesuvius,  and  Eg- 
mont,  Iceland.  &c..  178,  179;  extinct,  pic* 
tureaqne  otjecta,  178 ;  many  in  Asia  Mhior,  &c., 
180,  181. 


Wages  of  miners,  283. 

Wales,  vast  mineral  fields  of,  260. 

Wallsend  coUiei7,  number  of  safety  lamps  in  the, 

245;  orders  respecting,  246. 
Warping  of  Umd,  process  of,  197. 
Water  and  Air,  action  of,  on  exposed  ooaata,  24. 
Water-contents  of  varioua  roeka,  200. 
Water  anpply,  geotogy*  of,  198;  sooroes  of,  far 

towns,  199,202. 
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Wmim,  ywymion  of,  on  tliewrtlMe  oTtlie  earth, 
5,  14;  physical  dlstxlbaUon  aad  ptacnmniM  of, 
13,  M;  rM«o«rtMnp«rat«i«of,M,  15;  dreola* 
tioB  of,  on  tiM  globo,  l«,  17:  qooiuicy  ncolTod 
ftm  flbo  otmotpboio  apon  the  load.  17;  oahter- 
tmmn  omptton  of,  S9;  moehanleal  elftols  of, 
on  the  earth's  soxftce.  37 :  physical  and  geologi- 
cal action  of,  151 ;  natnzal  eraHon  of,  166 ;  aoHon 
of,  on  HMkm  187;  dlstribiMon  and  otnwlatton 
of,  198,  203;  river  and  spring  water,  802;  fola- 
tive  pnxityof,  ii. ;  aooUenflB  In  oool  mlooofkom, 
MS. 

WaMrtdto  aboond  In  MadMoBe  dbttleta.  171 . 

Waves,  the  various  pbonomona  of,  15;  magoitnde 
and  ^«lod1j  of,  4b, 

Wealdon  series  (Dutch,  wtaid,  a  ftmat)  of  the 
sooondaiy  opooh,  71  •  lot ;  oonrtrtin^  of  PnrtMck 
beds,  HastlogB  sand,  and  Weald  day,  <6.;  groop 
of  ftiiUsoftho,  101. 


WedddajorBwRK,  Ml. 

Weather,  effect  of,  on  ooal  mine  4 

Wells,  for  sapplyioff  water,  209; 

WonkMlc  (vovp  of  rmIis,  7^ 

Whhn,  the  mining  machine  so  called,  284. 

Whitby  Onr  and  Abbey,  waitb^r^  ^Vttmtk 

of,  173, 174. 
Winds,  periodical,  11. 
Winzes  in  mines,  278. 
Wood,  use  of,  as  ftiol,  217  «t  t«f« 
Wortrs  ofgenina,  HnportiBCV  of  inilli  iMp  MSf'MQ. 
World,  map  of  the,  6. 
Worms,  ftMriBxed,  72,  73. 
Wrasse,  tail  of  the,  80. 
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AbieUte,  545. 

Abnzite,  519. 

Aoienlite,  499. 

Achmatite,  526. 

Achirlte,  514. 

Aoarite*  4a9, 4tt,  MS,  M4,  Ml. 

Aetinollte,  524. 

Adamantine  spar,  907. 

Adnlaria,  Stt. 

JEgirine,  525. 

.BroUte,  491. 

.HMh^te,  417, 410, 4S3,  4H,  400,  030L 

Agalmatolite,  516. 

Agates,  509. 

Agne«ite  (carbonate>  of  Mirth),  iW. 

Akantieon,  526. 

Alabandine  (»iil^tow»of  !■■  ■gMMlQ,  107,  SOB, 

801,  303,  496. 
AlaMte,  525. 
Albite  (Lat.  clftM,  tMIe),  400, 400, -Ml,  408, 

463,  464,  466,  467,  468,  520. 
Algerite,  439,  442,  443,  444,  in. 
Allanlte  (black  sllieeons  oxide  of  ««ll«lii),  ffO» 

442,  447,  450,  452,  453,  iW. 
AUochrdt,  527. 
Allophane  (Gr.  o/Am,  art  pMlm,  to  t|ipe«r), 

515. 
Alloy  of  iridinm  and  osmim,  001. 
Alloy  of  iridium  and  plattmua,  -OOBw 
Alloandite,  546. 
Almandine,  527. 
AbDaadlaeTQby,  107. 
Alstonite,  417,  421, 422,  425,  426,  430,  5S5. 
Altaite  (tellnride  of  lead),  197, 400. 
Ahn,  297,  290,401,040. 
Alran,  anuMiBla,  MS. 
Alum,  soda,  543. 
Alumina,  phoq>hate  of,  548. 
Aluminate  of  magnesia,  507. 
Aluminite,  544. 
Alunite,  391,  400,  401,  543. 
Alunogen  (hair  salt),  541. 


1    AlTine,  516. 

Amalgam  (taydMagwrot  of  iXtfer),  SW,  M9, 

301,  302,  304,  307,  310,  314,  492. 
Amazon  stone,  519. 
Amber,  554. 
Amblygtmtte   (piinnattD  nablygonite  spu*}, 

417,  549. 
Amethyst,  500. 
Amluitiias,  534. 
Ammonia,  sulphate  of,  417,  410,  421,  422,  424, 

425,  426,  430,  540. 
Ammonia  alum,  543. 
Amphibole  (hornblende),  439,  441,  448,  444, 

445,  406,  447,  410,  440,  401,  451,  4M,  454, 

456,  457,  524. 
Amphigene,  531. 
Amphodelite,  521. 
Analdme,  297,  307,  518. 
Anatase   (pyramidal  titunlvn  eve),  800,  881, 

863,  365,  367,  308,  370,  370,  529. 
Andalusite,  417,  420,  421,  411,  410,  415,  437> 

515. 
AndreoUte,  519. 
AndreasbergoUte,  519. 
Anglarite,  546. 
Angles  of  crystals,  290. 
Anglesite  (sulphate  of  iMd),  417,  420,  411, 4S2, 

424,  425,  428,  430,  431,  433,  543. 
Angles  of  latitude,  explanation  of,  400. 
Anhydrous  peroxide  of  manganese,  000. 
Anhydrous  seoledte,  OSO. 
Ankerite,  391,  400,  401,  402,  987. 
Annabergite  (arseniateof  nickel),  400,440,  MO. 
Anorthio  system  of  orTStale,  467;   mtaenilB 

belonging  to,  458 ;  parameters  and  axes,  lb. 
Anorthite,  531. 
Anorthotomous  felspar,  521. 
Anorthotype  system,  457. 
Anthophillite,  524. 
AnthoflMerlte,  514. 
Anthracite  (glance  coal),  495,  555. 
Antigorite,  511. 
Antimonlte  (gray  tntteony),  410,  431,  4n, 

423,  424,  425,  426,  480,  «1,  480,  800. 
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Antimonsilber  (autimonial  silver),  417,  420, 

422,  424,  425,  426,  427,  430,  431,  433,  494. 
Antimonocher,  532. 

Antimony  (native),  385,  390,  391,  400, 402,493. 
Antimonial  copper  glance,  500. 
Antimonial  nickel,  494. 
Antitomoos  felspar,  521. 
Antrimolite,  517. 
Apatite  (phosphate  of  lime,   Gr.  apatao,  to 

docelTe),  890,  391,  393,  394,  395,  400,  401, 

402.  405,  410,  411,  550. 
Aphanese,  545. 
Aphrizite,  534. 
ApophylUte  (Or.  apo,  andphyllon,  a  leaf),  360i 

362,  363,  367,  516. 
Aquamarine,  528. 

An«onite,  417,  420,  421,  422,  430,  536. 
Arcanite,  540. 
ArendaUte,  526. 
Areometer,  Nicholson's,  486. 
Arfvedaonite  (peritomous  augite  f^par),   439, 

443,  444,  525. 
Argentiferous  copper  glance,  499. 
Argentite  (snlphuret  of  silver),  207,  299,  302, 

804,  307,  810,  500. 
Arikinite,  499. 
Arkansite,  529. 
Arpedelite,  529. 
Arrangement    and  deflcription   of  minerals, 

491. 
Arsenic,  391,  400,  499. 
Arsenic,  oxide  of,  544. 
Arsenical  cobalt,  494. 
Arsenical  iron,  502. 
Arsenical  nickel,  497. 
Arsenical  pyrites,  495. 
Arseniate  of  nickel,  494. 
Arsenite,  299,  544. 
Arseniuret  of  copper,  495. 
Artificial  cr3'8tals,  290. 
Asbestos,  524,  525. 
Asbolane  (earthy  cobalt),  506. 
Aspasialite,  527. 
Astrakhanite,  540. 
Atacamite,  552. 
Augite,  439,  442,  443,  444,  447,  44S,  450,  451, 

452,  458,  454,  456. 
Aurichaloite,  538. 
Auro.plnmbiferous  telluret,  493. 
Atttomalite,  507. 

Autunite  (yellow  uranite),  360,  548. 
Avanturine,  509. 
Axes  of  crystals,  290. 
Axes  of  the  cube,  295. 
Axinite,  458,  460,  461,  462,  463,  475,  466,  467, 

468,535. 
Axis,  290,  et  seq. 
Azotomous  antimony  glance,  501. 
I      Axotomous  augite  spar,  526. 


Axotomons  triphane  spar,  519. 
Azurite,  539,  548. 

B 
Babingtonite,  458,  460,  461,  462  536. 
Baierine,  531. 
BaikaUte,  525. 
Balas  ruby,  507. 
Balcunorite,  511. 
Bamlite,  515. 
Baryte  (sulphate  of  btrytes),  417,  420,  421, 

422,  423,  424,  430,  540. 
Baryto-calcite,  439,  442,  444,  447,  445,  453^ 

535. 
BarytophilUte.  625. 
Basal  pinacoids,  360. 
'BasUte  (schiller  spar),  636. 
Batrachite,  512. 
Beilstein,  510. 
BerengeUte,  555. 
Bergmannito,  517. 
Bernstein,  554. 
Berthierlte  (sulphuret  of  aatimonj  and  izvn), 

501. 
Beryl,  528. 

Berzeline  (seleniuret  of  copper),  495. 
Berzelite,  544. 
Biaxial  mica,  522. 
Bieberite  (sulphate  of  cobalt),  489,  442, 444, 

448,  450,  451,  541. 
Bildstein,  516. 

Biotite  (hexagonal  mica),  528. 
Biotite,  890,  891,  400. 
Bismuth  (native),  801, 400,  492. 
Bismuth  blende,  514. 
Bismuthine,  417,  420,  422,  424,  499. 
Bismuthiferous  sulphoret  of  nickel,  498. 
Bismuthite,  538. 
Bismuthoehre,  506. 
Bitumen,  554. 
Bituminous  coal,  556. 
Black  coal  (bituminous  ooal),  556. 
Black  cobalt  ochre,  506. 
Black  Jack,  496. 
Black  hematite,  508. 
Black  manganese,  504. 
Black  oxide  of  cobalt,  506. 
Bladk  spinello,  607. 
Black  sulphuret  of  antimony    and    stiver, 

501. 
Blende,  antimony,  582. 
Blende  (sulphuret  of  zinc,  the  Black  Jack  of 

miners),  297,  299,  801,  802,  S04,  807,  310, 

496. 
Blood  stone,  509. 
Blue  asbestos,  525. 
Blue  copper,  498. 
Blue  lead,  499. 
Blue  spinelle,  507. 
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Blue  Titriol  (ralphate  of  copper),  458, 460,  461, 

462,  46S,  464,  466,  468,  M4. 
BoI«,  516. 
BonadorfBte,  537. 
Boradte,  297,  S99,  801, 807,  584. 
Boraoitoid,  the,  836. 
Boraoio  add,   458,  460,  461,  463,  468,  466, 

467. 
Bornine,  498. 

Bornite  (purple  copper),  297,  399,  488. 
Botryogen  (red  Titriol ;  Gr.  botnu  a  baneh  of 

grapes),  489,  448,  443,  444, 458,  543. 
BotryoUte,  534. 
BoahuDgerite,  500. 
Boalangerito   (sulphuret  of   antimony  and 

lead),  500. 
Bonmonite,  417,  420,  421,  423,  423,  434,-480, 

500. 
Brachy-pinaooids,  418. 
BraehTtypona  manganese  ore,  504. 
Braobytypc  nno  baryte,  513. 
Bragationite,  439,  442, 449,  450,  454,  537. 
Brandisite,  513. 
Braonite,  860,  863,  865,  504. 
Breithaupite  (antimonial  niekel),  890, 88i;  894, 

494. 
Breunnerite  (carbonate  of  magnesia),  400. 
Brewsterite,  439,  443,  443,  444»  518. 
Bright  white  cobalt,  508. 
BriUah  Unseam,  claasiiieation  of  minerals  in, 

491. 
Brittle  snlphnret  of  silTcr,  501. 
Brochantite,  417, 421, 433,  434,  542. 
Brogmartin,  540. 
Bromite,  397,  399,  658. 
Bronzlte  (hemiprismatlc  sohSUer  spar),  489, 

442,  448,  444,  511. 
Biookite,  417, 420, 481,  433,  438,  430,  539. 
Brown  ooal,  556. 
Brown  hematite,  505. 
Bmcite   (rhombohedral  Iniphone  glimmer), 

890,  891,  505. 
Bucholsite,  515,  689. 
Bncklandite,  489,  442,  447,  527, 450,  527. 
Bolstein,  519. 
Bontknpferers,  498. 
Boratite,  588. 


g,  510. 
Galaite,540. 

Oalamine  (carbonate  of  lino),  538. 
Calamine,  890,  891, 400. 
Oaldte,  890,  891,  400,  401,  586. 
Oaledonite  (eapreons  sulphato.earbonate  of 

lead),  417, 420,  421, 423, 430, 548. 
Oalophonite,  527. 


Calomel  (muriate  of  mercury),  860,  862,  863, 

865,  367,  553. 
Gancrinite,  521. 

Capillary  sulphuret  of  antimony,  600. 
Carburet  of  iron  (plumbago),  495. 
Camelians,  509. 
Casslterite  (tinstone,  oxide  of  tin),  860,862, 

363,  865,  367,  506. 
Castor,  521. 
Catsej-e,  509. 
Oiacrinite,  521. 
CaTolinite,  521. 
Cawk,  540. 
CelesUne  (sulphate  of  strontta),  417,  420,  421, 

422,  424,  430,  540. 
Ceretite,  513. 
Cerine,  529. 
Cerite,  513. 
Cerussite  (carbonate  of  lead),  417,  420,  422, 

424,  430,  538. 
Cerrantite,  532. 
Chalamite,  499. 

Chabasie,  390,  891,  400,  401,  516. 
ChalcoUte,  548. 
Chalcedony,  509. 
Chalk,  537. 
Chalkophyllit,  546. 
Chalkopyrite,  498. 
Chalybite  (spathose  iron),  890,  801, 894,  400, 

401,  587. 
Charaetsristics  of  minerals,  481. 
Chathamite,  494. 

Chemical  composition  of  minerals,  482. 
Chessylite  (bine  carbonate  of  copper),  439, 

442,  443,  444,  447,  448,  449,  450,  451,  452, 

453,  454,  455,  456,  459,  539. 
ChiastoUte,  515. 
Childrenite,  417,  421,  430,  549. 
ChloUte,  860,  367,  551. 
Chloanthite,  417,  422,  494. 
Chlorite  (Gr.  chlorot  green),  891,  524. 
Chlorite  spar,  525. 
Chloritoid,  525. 
Chloropal,  513. 
Chloroph»ite,  513. 
ChlorophylUte,  537. 
Chloro-spindle,  507. 
Chodnewite,  551. 
Chondrodite,  553. 
Chrichtonite,  531. 
Christianite,  458,  460,  461,  463,  468,  464,  466, 

467,  468,  519,  521. 
Chromite  (ohromate  of  iron),  397, 399,  533. 
Chromochre,  538. 

Chryeoberyl,  417, 420, 481,  422,  424^  430. 
Chrysooolla  (copper  green),  514. 
ChrysoUte  (Gr.  cArysos  gold,  and  Hthot  stone), 

512. 
Chrysoprase,  509. 
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Gos&«4iiiw  M7. 

Chrysotile,  511. 

Cotunnite,  417,  421^  429;  4«^  M. 

Corelline  (blue  copper),  498. 

Cinnabar,  9m,  301,  «N^  40t. 

CoveUine,  890,  891. 

Circles  of  latitiide  on  flptem  or  initftiMir  4aiL 

Crednerite  (oxUto  off  ■MimiiH  ■■!,  i^pM), 

datirite,  529. 

489,  504. 

ClMBiAMtiMor«7Btato,  SMw 

QBBsoaille,  991. 

aaosthalite  (seleninret  otlmi),  m,  4m. 

400,  518. 

deayage,  293. 

Cross  stoM^  aia 

aeavelandite,  520. 

0ryaUte^4IT,  490^  4a,  591. 

CUngmanite,  523. 

Crysoberyl  (pitemittto  omataB),  599. 

Clino-domea  (faces  of  the  oUiqae  prini)^  4tfi 

Crystals,  artificial,  290. 

CUnorbombto  Bfetam,  4Sa. 

Crystals,    crystalline    and    ■■niflMW  m^ 

Clintonite,  891,  512. 

alaiiOM,29L 

Cloanthite  (white  nickel),  494. 

Coal,  556. 

a«d«dgaa»299. 

Cobalt,  sulphate  of,  439. 

CM»lt  araentel,  4ML 

Cobaltine  (bright  white  cobalt),  SN,  3M,  aU. 

Cobaltlne  (cobalt  glance),  503. 

square,  the  hexagonal,  ttee  petaMtta,  tte 

294. 

Cocclnite  (ioduret  of  mercury),  Mt. 

Crystak,s|iileqMief,999. 

Collyrite,  516. 

Columbite,  531. 

Combinations  of  the  pyramidia  ^stOM*  Ml~ 

Crystals,  twin,  469. 

ah«iWeoreabelMMe,«Mi, 

884. 

Crystallography,  explanation  of  the  sciewif. 

2Sft. 

etseq. 

Cubane,  297,499^ 

Cube,  the,  294 ;  axes  ef  the^  »»;  Wi^^<^ 

seq. 

299;  hew  to  fliwjhi  >ae»for,  Wf. 

Combination  o£tte  ten*  of  the  «te  aiiA  ootft. 

Cubical  system,  the,  of  crystals,  294. 

hedron,  &c.,  815-325. 

Cummingtonita,  5M. 

Combinattan  ^  fbft  mAm  and  teteahadNB,  *e., 

Cuprite  (redoad9»4tf  eepper}  297, 299^  991, 99^ 

845^a5<k 

807,  810,  505. 

CQnmaBopia,510. 

Cyanoee,542. 

Common  felspar,  519. 

CywophMM^  SML 

Compound  crystalline  forms,  291. 

Cyprine,  526. 

D 

422, 424, 517. 

Condurrite,  495. 

DathoUte  (siUoeous  borat*  of  Km),  4kT,  490^ 
491,419,^4^491^534. 

Daridsonite,  528. 

558. 

CopUpate,  542. 

Bavyne  (named  in  honour  of  Sir  H.  Davy), 

Copal,  fossil,  554. 

890,891,994^895,511. 

Copallne,  554. 

Copper,  octahedral  arseniate  ol^  417,  481. 

Dechenite,  588. 

Copper,  297,  299,  807,  310,  491. 

Decrement,  iUustraUons  of  the  Uir«^  999^  tt 

Copper  used  for  stamping  maoMnei^  beemfl^ 

seq. ;  spherical  molecules,  859. 

it  does  not  emit  spaiks,  491. 

Decrement  on  edges,  855,  et  seq. 

Copper,  lenticular  arseniate  of,  545. 

DihexagouBl  prism,  ta  draw  the,  404 ;  forms 

of  the,  405. 

Copper,  nickel,  494. 

Delphinite,  526. 

Copper,  gyean,  M4* 

Deltohedron,  the^  805. 

Coqnimbite,  890,  891,  542. 

Delvauxine,  S47. 

Coracite,  500. 

Delvauxite,  547. 

Cordierite,  417.  490, 421,  4S2,  494,  499,  527. 

Derived  rhombte  pyramids,  49t ;  of  seeoa^ 

Covnwdlite,  545. 

order,  4S1;  third  order,  494. 

Corundum,  890,  391,  394,  895, 400,  401. 

Comndellite,  528.                                                   i 

Derived  oblique  octahedron  of  the  seeoad 

Digitized  by  LjOOQiC 


iiion.                                           57$ 

oImb,4M;  ofthetUrdolaM,406j4|aa]Mk» 

Da«bly.oUiaa*  prism,  firai  oordar,  4i»;  qai. 

torm^ttt^Ui. 

bols,  ib.;  net  for,  4fl»;  dTrtaia  baku^iiBg 

to»461. 

DeToiute,548. 

;    Doubly^bUque  rhombic  prism  of  the  tlwd 

Diadocbite,  546. 

order,  463. 

Diallage,  439»  511,  535. 

Doubly-obUque  rhaaiOiSftpiifBk  of  tba  fimitk 

order,  464. 

:    Doably.obIique  octahedron,  466;  a^M^.ifm. 

Diamond,  297,  299,  301,  304,  310,  495. 

bols,Aa.o^ib.;  netior,4ML 

Double  reftaotioaand  poUiiMd  light,  487., 

DiBspore,  417,  420,  421, 428, 424^  490»  507. 

Dufhjnite  (phosphat^of  irott),  417,  d4«. 

Dufrenoysite,  301,  307,  502. 

Dypyre,  522. 

DiBtOMOW  Gtohllkr  qp«r,  586. 

Dysolulte,  510. 

Dtobrolte,  527. 

Dillnite,  516. 

X 

Diopside,  585. 

IMsptase  (exMnOil  cBpp«r»  Or.  4m  tbrntvlb. 

Earthy  carbonate  of  magnesia,  51 L 

and  optomai  to  see),  890,  400,  401,  514. 

Earthy  manganese,  504. 

Diplogenoua  konphon  spar,  518L 

Earthy  cobalt,  506. 

Edingtonite  (pyramidal  biTthuie  «ax},  380^ 

Diploite,  520,  522. 

362,  365,  517. 

Diprlsmatlc  copper  glance,  500. 

Edwardsite,  549. 

Edges  of  crystals,  290. 

Dipyre,  522. 

Egeraii,528. 

Rhlite,  548. 

DiMuiuiM,  497. 

Disthene,  515. 

Ekebergite,  522. 

IMtetragonal  prfip,  Umw  878. 

Elementary  bodies,  list  of,  with  thafar  ^mboU, 

Dodeeahedral  ampliigene  spar,  588. 

482. 

Dodecahedral  conmbua,  507. 

EloBolite,  522. 

DwleeabedFAl  dyMoi^aflmoe,  4fiB. 

EmboUte,  297,  299,  553. 

Dodecahedral  garnet  Honda,  4M. 

Embrithite,  500. 

Dodecahedral  iron  ore,  106. 

Emerald  copper,  514. 

Dodecahedral  flwUtai  SAL 

Emerald,  S90,  391,  394,  395,  400,  401,  588. 

Dolomite,  890,  391,  400,  401. 

EmeryUte,  523,  528.' 

Dokmita  (hittac  spur),  587. 

Empyrodoxoas  felapar,  528. 

Epidote  (prismatoidal  angita  spar),  48ft,  44^^ 

443,  444,  447,  418.  480, 452,  463>  588. 

896;  azee,sym)mla,^tos0^ib.. 

Epistilbite,  417,  421.  422,  518. 

Epsomite  (Epsom  salt),  il7^ m,.mi^iaA^m, 

pyramid  of  the  s^Msd  oadec.  m. 

541. 

Eremite,  840. 

363 ;  axes,  symbols,  net,  &c.,  S64 ;  crystals 

Erinite,  545. 

peculiar  to,  865. 

Erythine  (red  cobalt),  546. 

Erythrine  (cobalt  bUian),  488,  M8»  4A7, 4A8. 

with  axes,  symbols,  Ac.,  3^6-^70;  splieiHid, 

Erabesdte,  498. 

the,  371. 

Eaasarkite,  527,  584. 

Doable  8ix.faced  pyramidl  of  the  ftnt  osdar. 

Essonite,  527. 

i        893;ax«vqFmbals»ftcea»ft«.,ib. 

EoAharita,  417, 430^  4fi8, 4M. 

;     Double  Biz.facad  pyramid  derived  trom  tha 

,       pyramid  of  th^  flrst  <»«««  308^  ffuns  oi; 

'.       which  occur  in  nature,  394. 

EucUae  (piismatio  smaragd;  Or.  m  aMUgr, 

DoBbla  tfght^foaed  pynnid,  374;  aasa*  sym- 

and  klao  to  break),  488^  448,  448»  444^  441, 

;       boUs  Ac.  of,  375;   net  for,  iJb.;   cvyatals 

452,  458,  454,  486,  528. 

irhoae  faces  occur  parallel  to  Vm,  376i. 

Eudnophite,  417,  420,  421,  422. 

Donbly.cbUque  rhombic  priam  of  tha  aaociid 

Enlyline  (bianuth  blende),  287,  298,  aai,.a88, 

order,  461 . 

807,  514. 
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Eadialyte   (rhombohednd  Almandrlne  spar), 

S90,  891,  400,  401,  550. 
Eokairite   (selentoret  of  copper  «nd  silver), 

485. 
Eadnophite,  518. 
Eoklastio  disthene  epar,  507. 
Euljtine,  514. 
Eumaaite,  529. 

Ettsenite  (Gr.  euxtnos  a  stranger),  531. 
ExpUaation  of  the  terms,  faces,  edges,  angles, 

axes,  &e.,  of  crystals,  290. 


Faoes,  edges,  angles,  and  axes  of  crystals), 

290. 
Faces  of  crystals,  inclination  of,  290  et  seq. 
Fahlerz  (gray  copper),  297,  299,  801,  807,  SIO, 

502. 
Fahlanite,  527. 
Fai^Jasite,  860,  365,  520. 
Fayalite,  417, 420,  421,  422,  428,  430. 
Fasslte,  525. 
Federers,  500. 
Felaobanyite,  548. 
Felspar  (amazon  stone),  439, 442, 448,  444, 447, 

44B,  452,  458,  454,  456,  519. 
Fer  calearte  sUioeox,  525. 
Fergnsonite  (pyramidal  melane  ore),  360,  862, 

867,  580. 
Ferrotitanite,  581. 
Feaerblende,  439,  442,  448,  444, 450. 
Fitoolite,  515% 
FichteUte,  555. 

Fifth  system  of  crystala— the  obliqne,  488. 
Figure  stone,  516. 
Flnor,  804. 

Florite,  or  pearl  sinter,  510. 
Fire-stones,  talo  used  for,  528. 
Fire  opal,  or  girasol,  510. 
First  system  of  crystals,  294. 
Fiaeherite,  549. 
Flexible  silTer,  500. 
Flint,  500. 

Float-stone,  or  spongiform  quarts,  509. 
Flosferri,  536. 
Fluerblende,  502. 
FluelUte  (fluoride  of  alnmininm),  417, 420, 480, 

551. 
Flnoeerite  (neutral  fluate  of  cerium),  890, 891, 

551. 
Fluor  (fluate of  lime;  Lat.,^  to  flow),  550. 
Forms  of  crystals,  291,  S92. 
Four-liMed  cube,  faees,  symbols,  ftc,  806; 

forms  of  and  net  for  the, -809;  crystal  haTing 

faces  parallel  to  this  form. 
Fourth  system  of  crystals,  the  prismatic  or 

rhombic,  41Z. 
Fraakliaite  (dodeoahedral  iron  ore),  297,  S99, 
801,  804,  807,  506. 


FranooUta,  550. 

Freieslebenite  (snlphuret  of  sllTer  and  anti- 
mony), 489,  442,  444,  447, 450,  451,  452. 
Frugardit,  526. 


Gahnite  (automaUte),  297,  299,  507. 

Galena  (snlphuret  of  lead),  297,  299,  804,  806, 

807,  499. 
Galmei,  512. 
Oallicinite,  529. 

Gadolonite  (from  Gadolin,  its  disoorerer),  528. 
Garnet,  297,  801,  802, 807,  810,  527. 
Garnets,  coarse,  used  Instead  of  emery  for 

polishing  metals,  527. 
Gamsdorfite,  544. 

Gaylussite,  439,  442,  444,  449,  452,  587. 
Gehlenite  (pyramidal  adlaphaae  spar),  860, 

862,  527. 
Oeokronite,  500. 
Gersdorfltte  (arsenical  nickel),  297,  299,  810, 

497. 
Gibbsite,  548. 
Gieeechite,  527. 
Gigantolite,  527. 
Glllingite,  518. 
Qismondlne,  519. 
Glaserite  (sulphate  of  potash),  417,  420,  421, 

422,  424,  430,  540. 
Glassy  felspar  (sanldine),  519. 
GUucodote,  417,  522. 
Glance  coal  (anthracite),  495. 
Olaucophane  (Gr.  glaukot  bluish-gray,   and 

phaine  to  appear),  528. 
Glauber  salt,  540. 

Olauberlte,  489,  442,  444,  452,  458,  540. 
OlauooUte,  508. 
Gmellnite    (heteromorphons  kouphone  sptr), 

890,  891,  400,  517. 
Goeoolite,  525. 

Gold,  297,  299,  807,  801, 800,  408. 
Ctoniometers    (instrumenu  with    which   to 

measure  angles),  298,  477. 
Goalarite  (sulphate  of  line),  417, 422,  424, 480, 

541. 
Ooahenite,  528. 
Gothite  (prismatic  iron  ore),  417,  421,  422; 

428,  424,  480,  505. 
Orammatite,  524. 
Graphic  tellurium,  498. 
Graphite  (plumbago),  890, 891,  495. 
Gray  copper,  502. 
Gray  oxide  of  manganese,  508. 
Gray  sUver,  588. 
Greenockite  (snlphuret  of  cadmiom),  890, 181, 

894,  895,  496. 
GreenoTitc,  529. 
Gray  antimony,  600. 
Gropplte,  516. 


Digitized  by  LjOOQIC 


INDBX.                                                          577 

OniMalar  garnet,  527.                                               Hewkelite,  SOO. 

Grdoaoite  (salphoret  of  niokel),  297,  S99,  496.           Hexakistetrmh«droii  (dx^aoed  tetnhfldnm). 

Gaanite»  654. 

836. 

Oim^te,  ftl7. 

OavaqaiUite,  A55. 

Gypaom  (tulplxato  of  lime),  4S9,  448,  444, 447, 

44S,450,45S,4»S,4M,541. 

Hexagonal  cobalt  pyritea,  508. 

OyroUte,  517. 

Hezahedral  iron  prritea,  497. 

HlidiBgerite,  417,  4Si,  43S,  501. 

HaUoyaite,  515. 

Haloide  (oeUhedral  fluor],  545,  546,  548,  550. 

Halotriehlta  (feather  alam),  541. 

Hardnew,  ipeelflo  gravity,  fraetnre,  ooloor, 

Inrtre,  Inrittleneaa,  fleziblUty,  malleabiUty, 

taate,  smell,  ftc.,  of  mineraU,  488  el  acq. 
Hard  white  cobalt,  494. 
Harmotome,  417,  431,  422,  480,  519. 
Bartite,  555. 
Harti]i,555. 
Hartmannite,  497. 
Hatehettine,  553. 
Haaerite,  297,  299,  801,  810,  496. 
Hauamaanite  (black  maaganesej,  860,   862, 

865,  867,  504. 
Hafl.yB,5?2. 

Hanyne,  297,  299,  801,  802,  544. 
Hayeaine,  584. 
Hedyphane,  550. 
Heliotrope,  or  bloodstone,  509. 
HelTin  (tetrahedral  garnet.  Or.  elioa,  the  son), 

229,528. 
Hematite,  890,  891,  894, 895,  400,  401. 
Hemihedric  rhombic  system,  486. 
Hemihedral  forma  of  tbc  cubical  system,  830. 
Hemihedral  forms  with  inclined  faces,  889; 

parallel  fbees,  ib. 
Hemihedral  foar-faced  pyramid,  877. 
Hemionhotype  system,  436. 
Hemiprismatic  talk  glimmer,  522. 
Hemiprlamatlc  sulphur,  502. 
Hemipyramid,  the,  458. 
Bemipyramidal  spar,  517. 
Hemipriamatic  dystom  glance,  502. 
Hemiprismatic  Schiller  spar,  511. 
Hemiprismatic  ruby  blende,  501. 
Hemitrope  crystala,  469. 
Henkelite,  500. 
Hepatite,  540. 
Uerderlte  (prismatic  fluor  haloid),  417,  420b 

432,  430,  549. 
Heimatite  (iron  glance),  504. 
HerscheUte,  517. 
Hcsingerite,  518. 
HesBita,498. 
Hetercaite,480,547. 
Heterotomous  felspar,  620. 
UcnUndite,  489, 442, 448, 414, 449, 450, 462, 516. 


Hezahedral  lead  glance,  499. 

Hezahedral  silTer  glance,  500. 

Hiaingerite,  613. 

Uohneaite,  512. 

Holohedral  forms  of  the  pyramidal  system, 
859. 

Honeystone,  558. 

Hommmorphous  bodies.  476. 

Hornblende,  basaltic,  524. 

Hornblende,  common,  524. 

Rornatone,  509. 

Horn  quickailTer,  558. 

UomoUTer,  566. 

Bumboldtilite,  526. 

Humboltlne  (oxalate  of  iron),  553. 

Humbolite,  534. 

Hnmfte,  439,  442,  448,  444,  447,  449,  450,  451, 

453,  453,  454,  455,  553. 
Huraulite,  547. 

Hureanlite,  489,  443,  444,  450,  547. 
Hyacinth,  614. 

Hyalite,  or  Muller's  glass,  610. 
Hyaloaiderite,  513. 
Hydrarguret  of  silrer,  492. 
HydrargyUite,  890,  891,  507,  546. 
Hydrona  oxide  of  manganese,  504. 
Hydroboradte,  584.  • 

Hydrolite,  617. 

Hydromagneaite  (natire  magnesia),  587. 
Hydrophane,  510. 
Hydroailiceonscf^per,  514. 
Hydrous  oxide  of  iron,  606. 
Hyperatene,  439,  442,  448,  44S. 
Uypersthene,  525. 


Iberite,  527. 

Ice,  890,  391,  505. 

Ice  or  snow,  crystals  of,  478. 

Ichthyopthalndte,  516. 

Idoeraae  (pynunidal  garnet),  860,.  363,  868, 

865,  867,  526. 
Igbite,  53<i. 

Ilmenite  (titaniUc  iron),  800, 891, 894,  400, 581. 
UTaita,  417,  420, 423,  423,  429,  430,  535. 
Indigo  copper,  496. 
lodite  (iodic  sUTcr),  558. 
loUte,  537. 
Iridium  (alloy  of  iridium  and  platinum),  397, 

399,498. 
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Irite,  299,  905. 

Inm  (Birtlve  inm),  297, 299, 401. 

Iron,  etarjBoUte,  614. 

Iron,  sulphate  of,  Ml. 

Iron,  tongstate  of,  41S,  490, 421, 422, 42>. 

Iran  eobalt,  494. 

Iron  gUnee,  504. 

Iron  pyrites,  497. 

Irtm  flint,  MO. 

Iron-flail,  or  ferragiiMM  quarts,  509. 

Irregolar  twentf-four  faeed  trapesoiwdnMi, 

S41;  faces,  angles,  symbols,  Ae.,  of;  S42; 

net  for,  944. 
Iserine,  297,  299, 301, 680. 
Isomorphlflni,  476. 
iMnnelrical  oobalUdcs,  497. 
Ittnerite,  802,  522. 
Ixolyte,  555. 

Jade,  519. 

Jameaonite  (azotorooos  antimaByglHioe),417, 

420, 421,  422,  501. 
Jasper,  509. 
Jeffersonite,  525. 

Joliannite,  489^  442, 448, 444, 447, 542. 
Johnsonite,  532. 
Jndianite,  521. 
JodicoUte,  5S4. 
Joranite,  529. 

E 
Kakokene  (Or.  kaku  bad,  and  sMot  o  gnwt), 

549. 
Kalocbrome,  588. 
Kammererito,  524. 

Kaolin  (porcelain  earth,  fetoptr),  620. 
Kaprold,  the,  8S4. 
KarphoUte,  628. 
Karstenite  (anhydrous  sulphate  of  line),  417, 

420, 421,  422,  430,  541. 
Kanite  (prismatic  dtsthene  spar),  468, 615. 
Keirtidl,611. 
Keilhanite,  580. 

Kerate  (muriate  of  dlTer),  297,  209,  802,  553. 
Kenutne,  652. 

Kermes  (red  antimony),  489, 442, 447, 502, 532. 
Kibdelophane,  631. 
Kilbrickenite,  500. 
Kiessel  maUchlto,  514^ 
KUlinite,  527. 
Klaprothine  (laralet),  489,  442,  443,  447,  448, 

450,452,458,648. 
Klinoelase    (obliqne  prismatic   arfcniate  of 

copper),  489,  442,  447, 645. 
EobelUte  (solphnret  of  antiraooy,  lead,  and 

blimath),501. 
Konlchaldte,  648. 
Xonlite,  654. 
XMtigite,  489, 448,  618. 
KrissaTlgite,  642. 


Krokydolite,  blue  asbestos  (Gr.  krokmg,  a  flock 

ofwnol),625. 
Krokoite,  588. 
Kryptolite  (a  phosphate  of  oxida  of  eerinm], 

547. 
Ki]nite,544. 

Kupfemiekel  (eoppernkkcl),  890, 891,395,404. 
KupliniDdig,  498. 
Kupfershaum,  54G. 
Kupfersmaragd,  514.  * 
Kjanite,  616. 


Labradorite  (Labrador  felspar),  520. 

Labrador  hornblende,  9S5. 

Labradorite,  456,  400,  461, 402. 

LabroCite,  620. 

Lannite  (hydrous  phosphate  of  copper),  439, 

442,450. 
Lanaridte,  643. 
Lapis  lazuli,  644. 
Lapis  ollaris,  523. 
Lasionite,  548. 
Lasur  malachite,  539. 
LatroUte,  458,  462,  5SS. 
Lancasterlte,  537. 
Lanthanite  (carbonate  of  cerium),  360,  S6*. 

638. 
Laumonite,  439,  442, 413,  441,  432,  5IP. 
Lazulite,  548. 
Lead,  natirc,  S99,  49?. 
Lead,  sulphate  tif,  417  rt  scq. 
LeadhilUte  («alphato.carbonate  of  Icad^,  417, 

420.  421,  422.  424,  4^0,  543. 
Lcucophane.  458. 
Lchmannito  (cbromate  of  lend),  439,  443, 441, 

447,  448, 449,  452,  458.  454. 
Lehmannite  (red  lead  ore),  533. 
Lennelte  (snlphnret  of  cobalt),  497. 
Lenalnite,  616. 
Lerbachite  (sdenfixret  of  lead  and  metcnrr), 

297, 496. 
Leonhardite,  518. 
Leryne  (macrotypoas  koaphone  spar),  891, 

400,'517. 
Lepidomdane  (Gr.  leph  a  aeaM,  end  melm 

black),  523. 
LepidoUt^  439,  442,  448,  444,  528. 
LepoUte,  521. 
Lettsomite,  642. 

Leodto  (Gr.  fadhw  white),  862,  807,  621. 
Leucopyrite,  485. 
Lencitoid  (the  twentx^ftmr^iieed  trapetohc- 

dron),  805. 
Lcucophane,  651. 
Leuchtenbergite,  624. 
Ubethenite  (phosphate  of  eopper),  417,  422. 

423,430,547.  ^ 

Uderite,  629. 
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JLievrtte,  *25. 

MarraoUte,  511. 

Ume,  anhydroiu  sulphate  ot,  417,  430,  421, 

Mascagnine  (sulphate  of  ammonia),  417,  420, 

482,410. 

421,  422,  424,  430,  540. 

lime  harmotome,  519. 

Masonite  (chlorite  spar),  525. 

UmniU  (hydrotta  oxido  of  iron),  905. 

Matlockite,  360,  362,  86S,  865,  367.  552.     , 

Ltnarite  (cupreous  sulphate  oC  lead),  430,  442, 

443,444,543. 

Mos^Iagononskouphoneiipar,  518. 

Linnelte  (sulpharet  of  cobalt),  297, 200, 407. 

Liroeonite  (ocUhedral  aneniate  of  copper), 

Melanochroite,  533. 

417,  422,  545. 

Melanterite,  442,  439, 448,  444,  447, 448,  450. 

Loboik,  526. 

Melanite^  527.                                       * 

'     I^)gaiiite  (hydrcrtlieate  of  alamiiw  and  mag. 

MeliUte,  526. 

uesia),  417,  420,  422,  524. 

Mellite  (mellate  of  alumina),  360,  862,  365, 

LoUngHe  (aiatnioal  pyrites),  417,  420^  422, 

367,  558. 

495. 

Menaecanite,  531. 

Lithonlte,  523. 

Mendipite,  417.  420.  421,  422,  552. 

LLtiftomsi^,  511. 

Mengite,  417, 422,424,  430,  530,  549. 

Lithia  mica,  523. 

Mennige,  506. 

Lunnite  (hydrous  phosphate  of  copper),  543. 

Mercury  (native),  299,  492. 

Lydiaa  stone,  509. 

Meroxen,  523. 

Mdonite,  522. 

^ 

Medtlne,390,391,400,539. 

Mesotype,  417,  422,  430,  517. 

aCacherite,  552. 

MesoUte,  517. 

Macro-pinacoids,  41S. 

MetaUoId  dlallage.  525,  526. 

Macrotj-pous  konphoae  spftr,«5I7. 

Meteoric  iron,  491. 

Meteorite,  491. 

Magnesite  (carbonate  of  magaeaia),  537. 

Metaxite,  511. 

Magnesia,  511. 

Method  of  obtaining  artifieial  crystals,  29?. 

Magnetic  iron  pyrites,  497. 

Miargyrite  (hemiprismatio  niby.blend*),  501. 

Magnetite  (magnetic  iron  ore),  297,  299,  302, 

Mica,  439,  442,  443,  444,  451,  452,  453,  522. 

304,307,810,504,511. 

Micionte,  520. 

Magnesia,  sulpl^.ur  of  (Oipsom  salt),  541. 

Middletonite,  555. 

Magnesite,  400,  511. 

Middlerine,408. 

Malachite  (green  carbonate  of  copper),  430, 

Mlsmite,  537,  549. 

442.  443,  444,  514,  539. 

Mikroklin,  519. 

Millerite  (nickel  pyrites),  890, 400,  401,  497. 

Malacone,  515^  530. 

MLlk  quartz,  506. 

Malafiolith,  625. 

Mil08chlne,516. 

Malachite,  hemiprismatic  dystome,  548. 
Malachite,  pseado^  543. 

Mimetite  (arsonJata  of  lead),  390, 391, 894, 895, 
400,401,550. 

Malachite,  prismatic  oUts,  545. 

Mineral,  what  ive  understand  by  the  vord. 

Malachite,  diprismaUo  olive,  547. 

481.- 

Malachite,  pyramidal  euchlore,  548. 

Minerals  assume  mathematical  forms,  481. 

Malachite,  hcxahedial  Usooone,  545. 

Minerals,  species  of,  chaxaeteiristios  of,  481 ; 

Manganese,  phosphate  of,  418. 

Manganitff,  417,  420,  421,  422,  428,  424, 480. 

symboU  oi;  488 ;  hardness,  Ac.,  484 ;  screak 

Manganite  (gray  oxide  of  manganese),  503. 

of,  lb. ;  specific  gmTity  of,  with  illustrations 

Manilite,  520. 

explanatory,  ib. ;  axnogement  and  descrip. 

Map  of  principal  zones  in  the  Mhiml  s yatca. 

Uon  of,  491. 

827etseq. 

Minerals  belonging  to  the  pycamidal  system. 

Map  of  crystals,  326. 

860. 

Marble  for  statuary,  536. 

Mxoreaaits  (vhite  iron  pyrites.),  417,  490,  482, 

Minium  (red  oxide  of  lead),  506. 

430,497. 

Mlrabmte  (sulphate  of  soda),  489, 442, 443, 444, 

Margyrite,  439,  442,  443,  444,  447,  446^  450, 

449,452,453,540. 

454,455. 

Mispiokel  (arsenical  Iron),  417,420,  422,  430. 

Margarite  (hemiprismatio  perl  glinuner),  430, 

502. 

523. 

Mocha  stone  and  moes  airateo.  509. 
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Modifications  of  form  of  exTsuls,  393. 

Modumite,  494. 

Moleonlee,  855. 

Molybdena  sUrer,  483. 

Molybdenite,  880.  891,  895,  508. 

M olybdaaocher,  538. 

Molybdie  acid,  533. 

Monaiite,  439,  443,  443,  444.  447, 448, 450, 453, 

458,548. 
MonocUnohedrie  tystam,  483. 
Moni%Ute,  515. 

MontieelUte,  417,  433,  433,  513. 
Moon  stone,  519. 
Mountain  wood,  534. 
Morozite,  550. 
Monrenite,  519. 
Mosandrite,  580. 
MaUerine,  498. 
MnUei's  glass,  510. 
Mnllidte,  546. 
Mnrohisonite,  6i0. 
Muscovite,  533. 
Muriacite,  541. 
Mnssonite,  539. 


Nadelerz  (needle  ore),  499. 

Nagyagite  (black  or  foliated  tellurium),  300, 

863,  363,  365,  867,  483. 
Naphtha  (earth  oU),  554. 
NatroUth,  517. 
Natron  (carbonate  of  soda),  439, 443, 444,  447, 

448,  450,  535. 
Natural  properties  of  all  minerals,  481,  et  seq. 
Naumannite  (seleninret  of  lilTer),  397,  486. 
Needle  ore,  409. 
Needle  spar,  586. 
Needle  stone,  51 7. 

Nephrite  (Jade,  Or.  iMpAros,  a  kidney),  519. 
Nepheline  (Or.  ntpMe,  a  cloud),  300,  391, 

395,  532. 
Nickel  pyrites,  497. 
Nickel,  arseniate  of,  489. 
Nlgrine,  539. 

Nlckelifenms  gray  antimony,  498. 
Nickel  bismuth  gUmee,  498. 
Niobite,  418,  430,  431,  433,  433, 434,  430,  581. 
Nitratine  (nitrate  of  soda),  400,  401,  539. 
Nitre  (nitrate  of  potash),  418,  430,  431,  433, 

430,539. 
Noble  opal,  510. 
Nosean,  544. 
Nontromite,  418. 
Nuttalite,  533. 


Oblique  mlea,  533. 

Oblique  prismatic  arseniate  of  copper,  545. 

Oblique  pyramids  of  the  first  class,  453. 


Oblique  rectangular  prism,  489;  paramelflr, 

axes,  symbols,  fte.  of,  440 ;  net  for,  411. 
Oblique  rhombic  octahedron,  451 ;  axes,  sym- 

boU,  Ac.  of,  lb. ;  net  for,  453. 
Oblique  rhomblo  prisms  derlTed  from  those  of 

the  second  order,  450. 
Oblique  rhombic  prism  of  the  first  order,  448 ; 

symbols,  ftc.  of,  ib. ;  net  fbr,  444. 
Oblique  right  prisms  oa  a  rhombic  bwe  of  the 

second  order,  449. 
Oblique  system  of  crystals,  438;  minerals  be- 
longing to^  438;  sphere  of  projection  for 

the,  443. 
Octagonal  prism,  the,  373 ;  how  to  draw  tanu 

of  the,  878;  net  for,  373. 
OcUhedral  ammonia  salt,  553. 
Octahedral  and  hepatic  copper  pyrites,  4M. 
Octahedral  arseniate  of  copper,  546. 
Octahedral  arsenic  aoid,  544. 
Octahedral  chrome  ore,  588. 
Octahedral  copper  ore,  605. 
Octahedral  corundum,  607. 
Octahedral  fiuor  haloide,  660. 
Octahedral  iron  ore,  604. 
Octahedral  kouphone  spar,  633. 
Octahedral  le«l  glance,  488. 
Oetahedral  titanium  ore,  638. 
Octahedrite,  538. 
Octahedron,  the,  388 ;  relations  of,  to  the  onbe, 

ib. ;  symbols  of,  399 ;  net  for,  ib. 
<Brst«Ute,  515,  530. 
Oil  stains  in  cloth,  talc  nsed  for  remofing, 

533. 
Oisanite,  539. 

Okenite  (dyclasite),  510.  , 

Oligiate  iron,  604. 
Oligodase  (Or.  el^  little,  and  Uao  to  dcaTe), 

458,  463,  463,  465,  466,  467,  531. 
Olivenite  (right  prismatic  arseniate  of  copper), 

545. 
OllTcnite  (prismatic  arseniate  of  oopper),  418, 

431,433,424,430,546. 
OUvine,  418,  420,  433,  433,  414,  513. 
Omphoaite,  636. 

One.and-one>membered  system,  457. 
Onegite,  606. 

OnoMte  (sdeniuret  of  mercury),  486. 
Oolite,  537. 
Ooxite,  537. 
Opaline  Jblepar,  630. 
Opal  (resinous  quarts),  510. 
Ophite,  511. 
Orichaldte,  538. 
Orpiment  (yellow  sulphnret  of  arsenie),  413 

431,  433,  434,  430,  503. 
Orthita,  538. 
Orthoclase,  518. 
Orthotomous  felspar,  618. 
Orthotomous  kouphone  spar,  517. 
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Orthotyp«  (one  and  axial)  syatem,  417, 
Osmelita,  620. 

Osmlridiom,  S90, 391,  806, 403. 
Osmiridiam  (alloy  of  iridium  and 

402. 
Ofltranite,  615. 
Ottrelite,  611. 
Oxalate  of  iron,  668. 
Oxalate  of  lime,  664. 
OxaUt,  668. 
Oxharerite,  616. 
Oxide  of  antimony,  632. 
Oxide  of  arsenic,  644. 
Oxide  of  Uamath,  606. 
Oxide  of  manganese  and  eopper,  604. 
Oxide  of  molybdennm,  683. 
Oxide  of  tin,  606. 
Oxide  of  titanium,  620. 
Oxide  of  tnngften,  606. 
Oxide  of  oranium,  606. 
Oxydulated  iron,  604. 
Osokexite,  666. 


Palagonite,  514. 

Palladium,  299,  402. 

Paranthine  elaln  apar,  622. 

Paraaite,  891, 896,  689. 

Paratomoui  augite  spar,  626. 

Paratomous  lead  baiyta,  648. 

ParatomouB  lime  haloide,  687. 

Pargasite,  489,  442,  443,  444,  453. 

Pargaaite  (hornblende),  624. 

Parisite,  639. 

Patrlnite  (plumbo-eupriferoiu   anlphnret  of 
bismuth),  413,  499. 

PanUte,  626. 

Pearl  sinter,  610. 

Pearl  spar,  687. 

Pechnran  (piteh-blende),  299, 606. 

Peetolite,  620. 
j      Peersehaum,  earthy  carbonate  of,  666. 

Pelioma  (prismatic  quarti),  627. 

Pennine,  624. 

Pentagonal  dodecahedron,  389;  Iseea,  angles, 
symbols,  edges,  ftc.,  of,  340;  net  for,  341. 

Pereylite  (a  hydrochloride  of  lead  and  copper), 
297,  299,  802, 810,  668. 

Periclase,  505. 

Perlcline,  520. 

Peridot,  612. 

Peritomous  antimony  glance,  602. 

Peritomous  augite  spar,  526. 
j      Peritomous  hal-baryta,  686. 

Peritomous  kouphone  spar,  617, 619. 

Peritomous  lead  baryta,  662. 
j      Peritomous  ruby  blende,  499, 517. 

Peritomous  titanium  ore,  629. 

PerUdase,  297,  299,  606. 


PerowsUne,  647. 

Perowskite,  297,  299, 802,  804»  807, 810,  630. 

Perthite,  519. 

Petalite  (prismatic  petaline  spar),  621. 

Petroleum,  664. 

Petzite  (teUuride  of  sHver),  297,  498. 

Petzite  (telluretof  silTer),  symbol  and  system, 

characteristics  and  country,  498. 
PhaooUte,  616. 
Pharmaoosiderite  (arseniate  of  iron),  297,  2^, 

802,  804,  545. 
PharmacoUte  (arseniatd  of  Ume),  489,  442, 

448,444,640,544. 
Phenakite  (rhombohedral  smaragd,  Gr.  pke^ 

nax,  a  deoeiTer),  390,  895,  400,  401,  528. 
PhUUpslte,  418,  421,  422,  430,  519. 
Phcenioite,  633. 
Phdnidt,  533. 
Ph5nikochrolt,  538. 
Phosgenite  (murio-earbonate  of  lead),  860, 

862,  868,  866,  867,  650. 
Phosphate  of  alumina,  648. 
Phosphate  of  copper,  647. 
Phosphate  of  iron,  646. 
Phoephate  of  lead,  649. 
Phosphate  of  lime,  660. 
Phosphate  of  manganese,  647. 
Phosphate  of  uranium,  648. 
Phosphate  of  yttria,  648. 
Phoephoealdte,  548. 
Phosphorite,  560. 

Phrehnite  )axotomous  triphane  spar),  619. 
Phyllite,  511. 
Piauzite,  666. 
PicroUte,  611. 
Piorosmine    (Or.  pikro$  Utisr,    and  ssme 

smeU),  416,  421, 422,  612. 
Pictite,  529. 
Pinacoids,  420. 
Pingoite,  618. 
Finite,  527. 
Pissophane,  644. 
Pistomesite,  539. 
Pistacite,526. 
Pitoh-blende,  606. 
Pitchy  iron  ore,  647. 
Plaoodine,  489,  444,  447,  448,  449,  496. 
Plagionite  (hemiprismatio  dystom  glanoe),  439, 

441,  452,  453,  502. 
Plasma,  609. 

PUtinum  (natiTe  pktina),  297,  492. 
Platonic  bodies,  363. 
Plattnerit^  380,  391, 807. 
Phiusite,  666. 

Plesiomorphons  bodies,  476. 
Plomgomme  (hydrous  aluminate  of  lead),  60S. 
Plumbago  (black  lead),  406. 
Plumbo-eupriferous  sulphuret  of  antimony, 

600. 
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I'lumbo-cupriferoas  sulphuret  of  biamtttk,  499. 

Flambo-reainite,  008. 

Plumosite  (capUUry  «ulp*iateof  airt«Bi«iy),500. 

PoIari8<>d  Ught,  4S7  et  ••«. 

Poles  of  crystabs  290  ct  seq. 

Polianite,  416»  4M,  422,  MS. 

FoUohranatie  teHi^t,  520. 

Pollux,  520. 

Poonahlite,  ol7. 

Fotaslk  mica,  52t. 

Potash,  nitrate  of,  418. 

PotasU*  sulphate  of,  417,420, 421,422,4H  4S*, 

540. 
Potstono,  523. 

PolyalUte  {Gr.  polui  many,  aadoisMlt),  &11. 
Polybasitp,  390,  891,  39«, 
Polyhalite,  418,  420,  421,  422,  541. 
Polybydrito,  518. 
Polykrase,  418,  423,  430,  530. 
Polymigsitc,  418»  490,  4Q2, 424^  430. 
Pol^mignite  (priamatio meluie  or«},  U0« 
PolysphoDrite,  549. 
Porzellanspath,  418,  531. 
Prase,  508. 
Praseolite,  527. 
Prehnite,  418,  420,  422,  619. 
Prismatic  amblygomto  spar,  M9. 
Prismatic  andalusite,  61^ 
Prismutic  antimony  glance,  500, 
Prismatic  arsenical  pyrites,  502. 
Prismatic  augite  spar,  510. 
Prismatic  axinita,  M5. 
Prismatic  bismuth  glance,  499. 
V  Prismatic  bitter  salt,  541. 
Prismatic  boraclc  acid,  5M. 
Piismatla  borax  salt,  684. 
Prismatic  calamine,  512.  » 

Prismatic  carbonate  of  soda,  535. 
Prismatic  chrome  ore,  533. 
Prismatic  chrysollth,  512. 
Prismatic  cobalt  mica,  546. 
Prismatic  copper  glance,  493. 
Prismatic  copper  mica,  540. 
Prismatic  corundum,  508. 
Prismatic  eutom  glance,  500. 
Prismatic  disthene  spar,  519. 
Prismatic  dystdne,  M2. 
Prismatic  dystome  spar,  614. 
Prismatic  emerald  malachite,  546. 
Prismatic  enchlore  mica,  54G. 
Prismatic  fltior  haloide,  MO. 
Prismatic  garnet,  528. 
Prismatic  hal-baryta,  040, 
Prismotio  iron  ore,  505. 
Prismatic  iron  mici^  6iS. 
Priamatto  iron  VT^i^  ^7- 
Prismatio  lead  baryta,  549. 
y     Prismatio  lime  balaUCt  S^* 
I      Prismatic  melane  glance,  50!. 


Prismatie  melane  ore,  589. 

Prismatic  oUtc  malachite,  545. 

Prismatic  oliTenltt,  647. 

PriaaiaUc  ore,  606. 

Prismatic  or  rhombic  systesa,  417 ;  ^iMreof 

projection  for  the,  422. 
Prismatic  oxide  of  manganese,  503. 
Prismatic  petaline  spar,  521. 
Prismatio  picroemine  steatf te,  612. 
Prismatic  purple  blende,  602,  532. 
Prismatic  quartz,  527. 
Prismatic  schecl  ore,  522. 

Prismatic  smarngd,  528.  i 

Prismatie  talc  glimmer,  62S,  524. 
Prismatie  tantalun  ore,  661. 
Prismatic  titanium  ore,  638.  • 
Prismatic  topaz,  551. 
Prismatic  wavelinc  haldde,  918. 
Prifonatic  zinc  baryte,  612. 
Prismutic  zinc  ore,  506. 
Frismatoidal  augite  spar,  61C» 
Prismatoidal  lead  l»ryta,  64S. 
Prismatoidal  manganese  ore,  503. 
Prismatoidal  schiUer  spar,  626. 
Frismatoidal  sulphur,  502. 
Prismatoidal  trona  salt,  536. 
Froustlte  (red  sUver),  308,  381,  400,  601. 
Psaihyrite,  555. 
Fseudomalachlte,  648. 

Pscudomorphous  eryatals,  474 ;  eryalalavUeh 
become  pseudomorphoQS  by  exehaagtt  of  la- 
gredients,  475. 
PsUomelane   (Gr.  jwtfoe  smoo^  and  mtin 
black,  black  hematite),  503. 

Purple  oopiMr  (boraite),  4«. 

Fuschkinite,  526. 

Pycnite,  551. 

Pyramidal  adiaphane  spar,  527. 

Pyramidal  brythine  spar,  517. 

Pyramidal  oerinm  baryta,  6ft1. 

Pyramidal  copper  pyrites,  498. 

I^rramidal  eoithlore  malachite,  54S. 

Pyramidal  garnet,  62tf» 

Pyramidal  konphone  spar,  516. 

Pyramidal  lead  baryta,  688. 

Pyramidal  manganese  ore^  604. 

Pyramidal  melane  ove^  580^. 

Pyramidal  melicbrome  leeln,  638. 

Fyi-amidal  perl  kerate,  558. 

Pyramidal  scheel  baryta,  682. 

Pyramidal  system,  360 ;  list  of  miaenle  be- 
longing to,  868^;  opmblBatioit*  «f  the, 
881-384. 

Pyramidal  tin  ore,  808. 

Pyramidal  titanikim  on^  389. 

Pyramidal  siroon,  614L 

Pyramidal  zeolite,  616» 

Pyrargyrlto,  880,  SBl,  400,  601. 

Pyrargyllltc,  627. 
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Pyrenaite,  527. 

Pyrgome,  629. 

Pjritoid,  the,  330. 

Pjrite  (Iron  pyrites,  Bulphnrtt  of  iroft),  S07, 

299,802,804,  307,  SIO,  497. 
PyrophylUte,  418,  624. 
PTroonolite  (axotomons  perl  miea),  669. 
Pyrochlore,  297, 299,  802, 807. 
Pyrope,  627. 
Pyromorphite  (phosphate  of  lead),  890,  801, 

395, 401,  649. 
Pyrophysallta,  661. 

Pyroehlore  (octahedral  titaniam  ore),  629. 
Pyrorthite,  629. 

Pyrolosite,  418, 420, 421,  422,  608. 
Pyroemalite,  300,  891,  895,  503.  . 
Pyroxene,  525. 

Pyrrhotlne,  390,  891,  ZM,  409, 401,  407. 
Pyrrhosiderite,  606. 


QQartr,506. 


RadloIHe,  617. 

KammeMeririte  (white  sraenind  iii<9eel),  297, 

299,802,494. 
RaphiUte,  624. 
Beolgar  (red  snlphiiTet  of  aneflkie),  489,  442, 

443,  441,  447,  449, 490, 452,  464^  486, 466, 602. 
Red  antlUMMiy,  60S»482. 
Red  cobalt,  646. 
Red  iron  ore,  604. 
Red  lead  ore,  688. 
Red  maniranese,  638. 
Red  oxide  of  eopper,  506. 
Red  oxide  of  lead,  506. 
Red  oxide  of  lino,  506. 
Rcdruthite  (ritreoas  eopper),  418,  420,  421, 

430,498. 
Red  sQver,  601. 
Red  zinc,  506. 

Red  silieeoos  oxide  of  cerium,  618. 
Red  aolphnret  of  arscHle,  608. 
I      Red  sulphate  of  irso,  643. 
I      Red  vitriol,  642. 

'      Regular  pentagonal  dodeeahedron,  868. 
Rcmolinite  (morlate  of  copper),  418, 431«  4H 

430,662. 
Resin  (pyramidal  me1iehronc)»  S53b 
Resin,  Highate,  664. 
Resinous  ^muis,  &M. 
Retinalitc,  611. 
RMliate,664. 
Retinasphalt,664. 
Rlwdoerosite,  688. 
Rhodonite  (silidferons  oxide  of  manganese), 

439,  442,  443»  444^  613. 


RtaedocKe,  299, 802,  M4« 
BhcBlzit,  615. 
Rhoe  Krand,  637. 

Rhombic  dodecahedron,  300 ;  symbols  of,  801 ; 
net  for,  ib. ;  to  describe  the  Ckco  of,  ib. ; 
minerals  with  crystals  of  this  form,  ib. 
Rhombic  pyramid  429 ;  axes,  symbols,  Ac,  of, 

ib.,  net  for,  480. 
Rhombic  spheneid,  the,  485. 
Rhombohedral  almandtne  spar,  KO, 
Rhombohedral  alum  haloide,  548. 
Rhombohedral  arseniate  of  copper,  646. 
Rhomb6hedBal  eerlum  ore^  618. 
Rhombohedral  corundum,  507. 
Rhombohedral  dystom  glance,  iOl. 
Rhombphedral  elain  spar,  628. 
Rhombohedral  emerald  malachite,  514.  e 

Rhombohedral  felspar,  622. 
Rhombohedral  floor  haloide,  650. 
Rhombohedral  iron  ore,  604. 
Rhombohedral  iron  pyittee,'497. ' 
Rhombohedral  kouphone  glimmer,  606. 
Rhombohedral  kouphone  siiar,  616. 
Rhombohedral  lead  tarytft,  649. 
Rhombohedral  lime  haloide,  636. 
Rhomb<ftMdiml  aekMMlea,  61«. 
Rhombohedral  quartz,  608< 
Rhombohedral  ruby-blende,  601. 
Bbombbhedna  mwragd,  618. 
Rhombohedral  system  of  oi7«ta1s,  384  et  eeq. 
RhAnibdhadral  syeiem,  eomMattlons  of,  418 

etseq. 
Rhombohedral  talc  glimmer,  628. 
,  Rhombohedral  zeolite,  616. 
Rhombohedral  zinc  bofytfe,  888. 
Rhomb  epflv,  687. 
Rhomboid  the,  898;  vymbola,  poles,  fte.,  of, 

and  nets  for,  899 ;  minerals  wttk  tli«ir  fMse 

parallel  to,  400 ;  may  be  derived  from  fauble 

six-faoed  pyramid,  401 ;  illufttatixmaofthlB, 

«2;  itoUa  of  the  derived,  406  etseq. 
RhyacoUte  (Or.  lyax  a  lava  streani),  489,  442, 

443,  447,  449,  461,  462,  6tt. 
Riemanite,  616. 

Right  prismatic  arseniate  of  eopper,  HS. 
Right  prismatic  baTyta-caleiti,  680. 
Right  rhombic  prism  of  the  first  otder,  421 1 

^^bois,  Ae.,  for  ft,  ibk  $  set  for,  ib. 
Ril^t  rhombic  prism  of  fte  seoolid  order,  416; 

symbols,  ftc,  of,  426 ;  poles  ef,  427. 
Right  rhombic  prittt  of  tte  «Mrd  order,  427. 
nght  prim  on  an  ebHqM  AeinMe  base,  4461 

symbols,  ftc.,  ef,  lb.  t  n^  for,  447 ;  prfaens 

derived  from  the  right  prism  on  an  oUlquii 

rhombic  base,  448. 
Sight  lauiaiiHiter  prlsM,  418^  to  draw  sym.> 

bols,  *€., 419)  «et  for  the^  ib. ;  parnnreteiB 

of,ib. 
Riolite,  496. 
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Ripidolite  {Qr,  ripU,  a  fin),  3M,  S91,  8M,  100, 

Semi^pal,  510. 

401,524. 

Selbite  (oarbooate  of  sUrer),  568. 

Ripodolith,  634. 

Seleoiaret  of  copper,  495. 

Rook  eryital,  606. 

BMk  salt.  662. 

Seleniaretof  meroury,  496. 

Seleniaret  of  silver,  406. 

BMsUma,  6S7. 

Seleniom,  495. 

Selenite,  541. 

BoMUto,  418,  4S0,  43S,  460,  644. 

8enarmoatite,399,504. 

Bom  or  mUk  quarts,  60S. 

SepioUte,  511. 

RabeUlte,  634. 

Serbian,  516. 

Babellaa,  626. 

SerpenUne  (so  caUed  from  itaapoCtedor  nake. 

Rattle  (oside  of  tttaaliim),  660, 662,  666,  666, 

like  maridnga),  511. 

667,  629. 

Seybertite,  512. 

Baby  blMido,  601. 

Siderite,  508,  687. 

Ruby  coppv,  606. 

% 

8Uioateofbiunutb,514. 

•                                     • 

SiUeeona  borate  of  lime,  664. 

8acaiito,629. 

Silioeons  oxide  of  sine,  512. 

BahUte,  626. 

Silioeoas  sinter,  510. 

SiliciferoaB  oxide  of  manganese,  613. 

Saltpetre,  680. 

SUiciferoQs  oxide  of  cerium,  613. 

Silt,  rock,  662. 

SiUoite,  620. 

Salt,  297,  290,  602,  610,  662. 

SUlimanlte^  515. 

Salmiak,  662. 

Silver  (naUve),  297,  299,  302,  810,  492. 

Six.faeed  octahedroa,  810 ;  symboU  for.  311 ; 

Samartklte,  418,  661. 

to  draw,  ib. ;  axes  of,  312 ;  to  deeeribe  a 

Banidine,  510. 

net  for,  313 ;  forms  of  tbe  wbleb  oeenr  in 

SareoUte  (octabedrd  koupboMspar),  660, 662, 

natnre,  314. 

666,  665,  667,  617,  522. 

8ix*faeed   tetrabedron,  636;    faoet,  edges. 

SasMline  (nattTe  boraoiB  add),  466, 460, 461, 

angles,  Ao.,  of  336;  net  for,  837. 

462,  466,  466,  467,  684. 

Sixth  system  of  crystals,  the  anorthic,  or 

Satin  apar,  566. 

donbly  obUque,  457. 

8a7Bite,498. 

Sktttterudite  (hard  white  cobalt),  297,  296,: 

302,  304,  494. 

Slate  spar,  536. 

ScapoUta,  660,  662,  666,  665,  667.  522. 

Smaltine  (arsenical  cobalt),  297, 299,  602,  307, 

Soarbralta,  616. 

494. 

Seheel  lead,  662. 

Smaragdite,  524. 

SebTOttOTite,  616. 

Smaragdocbaleit,  652. 

SeheeUte  (tnngrtata  of  lime),  660,  662,  663, 

SmecUte,  616. 

665,667,662. 

422,  512,  536. 

Sehilferipar,586. 

Smoky  quarts,  506. 

SebiUer  eptr,  566. 

Snow  or  ice,  erystaU  of,  473. 

Sos4»tone  (steatite),  511,  526. 

Seborl,564. 

Soda,  sulphate  of,  418,  430. 

Soda  alum,  546. 

469,446,444,462,466,517. 

Soda,  muriate  of,  562. 

Sohorlomite,  661. 

Soda,  striated,  535. 

Sohiilaite,418,424,460,500, 

Sodalite,  297,  602,  607,  650. 

Seorodite  (marttal  araenUte  of  eopper),  416, 

Sodlnm,  chloride  of,  553. 

420,421,432,424,460,546. 

SommeryiUite,  860,  663,  363.  366, 626. 

Beorsa,52e. 

Sommite,  533. 

Sebriiters,  496. 

SordawaUte  (f^om  Sordanla  in  Finland),  697. 

Sparry  iron,  688. 

Seleniuret  of  eopper  and  iUTer,  496. 

BpartaUte  (red  oxide  of  sine),  690,  691,  400, 

Seleninret  of  lead  and  mereurx,  496. 

Seteniuret  of  lead  and  eopper,  496. 

Spathoae  iron,  686. 
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8ped«B,  Ttrioiu,  ofmliMrmli,  481. 

Salphate  of  iron,  041. 

SpeouUr  iron,  004. 

Sulphate  of  lead,  042. 

Sulphate  of  lime,  841. 

Speoiilo  ^Tit  J  of  minonla,  bow  to  Uko  the, 

Salphate  of  magneda,  041. 

484. 

Salphate  of  potash,  040. 

Sphnwldorito,  587. 

Sulphate  of  Mda,  040. 

Sphene  (Or.  ^hm  «  vedge),  488,  441,  448, 

Sulphate  of  etrontla,  MO. 

444,  447,  448,  4S0^  498,  889. 

Salphate  of  line.  041. 

8pbm  of  pn^cetftom    888;  te  tko  obUqiM 

•7«tMii,4M. 

Solpbato-tri^earbonate  of  lead,  048. 

SpinoUe  (alumioate  of  nagnMto),  887,  889, 

808,  804^  807,  807. 

MM^        A  m^^        mm^       flJk«                 * 

Sulphur,  418,  420,  422,  434,  480,  400. 

444, 490,  488,  521. 

Sulphuret  of  manganese,  490, 

Sqaaro  prism,  881;  pannutm,  lymbolt,  Ae., 

Salpharetofsinc490. 

oC  ib.;  net  for,  888;  aUiMnlB  potaUar  to 

Sulphuret  of  iron,  497. 

tli«,362,868. 

Sulphuret  of  cobalt,  497. 

Stakotitoo,  687. 

Sulphuret  of  ntekel,  497. 

SUaniiM  (culpboxvt  of  tin),  897, 808,  409. 

Sulphuret  of  cadmium,  488. 

8tatauryBarWi^886. 

Sulphuret  of  lead,  499. 

BtMiroUto  (prinnatio  gmmet;  (Or.  «toMr»t  a 

Sulphuret  of  bismuth,  490. 

•roM),  418,  420,  481,  48^  819, 088. 

Sulphuret  of  tin,  499. 

Steatite,  011, 028. 

Sulphuret  of  mercury,  499. 

Sulphuret  of  silTer,  000,  001.     ' 

809,  499. 

Sulphuret  of  antimony,  000. 

Stellite,  080. 

Sulphuret  of  copper  and  anttm^ny,  500. 

Steinbeilite.  087. 

8t«mbergit«  (flexible  lUTer},  418,  480^  423, 

Sulphuret  of  antimony  and  lead,  000. 
Sulphuret  of  antimony  and  iron,  001. 

480,  000. 

Sulphuret  of  silTer  and  antimony,  001, 502. 

Meinaark»  011. 

Sulphuret  of  antimony,  lead,  and  bismufli, 
001. 

480,  421,  42^  480,  001. 

Sulphuret  of  molybdena,  008. 

Sulphuret  of  oxide  of  antimony,  508. 

iBappiBr«7flla]a,8S7. 

Superoxide  of  lead,  507. 

Stilpnomebiiie,  891,  018. 

Susannite,  880,  891, 400,  401, 048. 

Sttblce^  418,  480, 481,  498,  480,  511. 018. 

Syepoorito  (sulphuret  of  cobalt),  497. 

Sloijdte,  880^  80,  80, 880, 807,  088. 

SylTlne  (chloride  of  potassium),  297,  299,  052. 

Surablen,  540. 

SylTsnite,  418,  420,  422,  424,  480.  408. 

Strableteio,  084. 

symbol  for  the  cube,  290. 

Streak,  tbe  property  io  ealM  in  minerala, 

Symbols  of  mtoerals,  482  et  seq. 

484. 

Symbols  for  the  cube,  298;  the  equare,  881; 

BtrUtedMda,888. 

the  hexagon,  884 ;  the  rhomboid,  419;  the 

fjtrontiaa,  earbonate  of,  418, 480. 

Strontian,  aolphate  of,  417  et  leq.' 

Symplesite,489,448,545. 

Systems  of  crystals,  298. 

421,480^080. 

T 

418,  480,  422,  499. 

Tabular  spar,  510. 

StniTlte,  418, 422,^00,  «0^  004. 

Talc^lapUque,  016. 

Btjloblte,  027. 

Tale  (poUtone),  028.* 

Talkapattte,  550. 

Smdnite,  004. 

TallMhIorite,  024. 

Salphate  of  amwmia,  840. 

800,  891,  400,  046. 

Bvlpbate  of  barytea,  040. 

Tsntalite,  418, 420,  481, 450,-531. 

Siilpbate«foobalt,541. 

8«ilpbateofoopper,042. 

TeUnrium.  nattve,  801, 400, 488. 

tf 
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TeUorwismnUi,  890.  891, 403» 

TeUttretoriead,493. 

TcUoi^t  of  silver,  493. 

TellursUTcr,  49). 

Tephioit,  318. 

Tercnite,  522. 

Tennantite,  498. 

TessaUte,  51G. 

TeUrto-prismatte  fetopar^  520, 

Tetarto-priamatio  m/elana  ore,  529* 

Tetarto-prlsm^O^  syatem,  4^7, 

Tetartine,  520. 

Tetarto.pjTaiBiaa»  465* 

Tctarto-rhombic  sjatem,  457. 

Tetmphyline,  547. 

Tetraki8.hexahedron(tb«foar4iaMdoabe}>3Q% 

Tetradymite  (ralpho-toUuret  oC  biflnutti),  493. 

Tetrahedron,  850 ;  fucca,  «ngle9»Qd^«  ftc,  of» 

and  net  for,  331. 
TetraklAvit,  522. 
Tetrahedral  copper  glanoe,  502. 
Tctrahodral  boracite,  584. 
Tetrahedral  garnet,  538. 
Tennantlte    (dodecahAdml  djittiino   ^Ifuice},. 

297,  299,  302,  807,  498. 
Thallite,  52G. 
TharanditA,  587. 
Thenardite  (anlphott  of  loda)*  HB^  i2f>t  4^ 

480,  540. 
Thcrmonatrlto  (prUmatlc  carboo^te  of  aodA, 

il8,  420, 421,  424, 430,  535. 
Third  system  of  minerals— the  rhombohednl, 

885;  forms  of,  lb.}  mbMnOa  betangl^  to, 

384 ;  axes  of  the,  873 }  parometec^   888 ; 

hexagonal  prisms,  880 ;  map  of  1,1x9,  ^9U 
Thomsonite,  517« 
Thorite,  515, 
'l1i«anUt«,  618. 
Three-faced  octahedron,  802;  aywhola  of;  lb. ; 

how  to  draw  the,  80S ;  a:(C8  Qf»U). ;  incUoa- 

tion  of  the  facof  Qf,  lb. ;  to  aie4Dril|0  a  lUSt 

(MS  lb. 
Three^aiced  tetrahedron,  83i;  l^oea,  vigtea, 

axes,  edgea,  ton  o^  ^*  i  »<^  ^of^  3&5 ;  (onns 

ofthe,ib. 
ThromboUte,  547. 
Thullte,  526. 
Thomersteln,  535« 
Thnmlte,  585. 
Tincal  (borate  of  loda),  439,  449»  449,  Mi  iiU 

452,534. 
Tin,  860,  862,  863,  365,  867. 
Tin  Stone,  506. 
Tin-white  cobalt,  494. 
Tinprritea^4Q$t 
Titanlte,  529. 
Titanitic  iron,  581. 
Titanaehorl,  529. 
Tborite,  515. 


TopazoUte,  527. 

Topaz,  418,  420,  421,  422,  434  480»  5fil. 

Torberite  («)Kiei  maaile),  8M^  362,  868^  86A, 

807,  H8. 
Towanite,  860,  862,  368,  365,  367,  488. 
Torrelite,531.' 
ToormaHn*^  t9Q^  409,  88«. 
Trapexoidal  Icosltetcahiidacm,  S4J. 
Traperatdal  aasphigcme  9ft»  Ml. 
Trcmolite.  524. 
Trtakiatotrahedfo*,  884. 
Trielasalte,  527. 
TriahlohedTte  system,  4». 
Trigonal  dodecahedron,'SS4. 
Triphaae,  ftall. 
TriphyliM,    489,   442,    443,   441,    447,    446, 

547. 
Triplite  (phoephate  of  manganev),  417^547. 
Tritomi«e,M9^616. 

Trona  (prismatoidal  soda  atOt),  486^  684. 
Troostite,  512. 
TschefflFinite^  529, 
Tungsten,  Wi, 
Tongstate  of  lime,  582. 
TuBgatato  of  iron,,  5B9*. 
Tungstate  of  lead,  583. 
Tufa,  or  ealeareoos  tuff;  687. 
Targit^  605. 
Tttiqnoiae,  1491 
TwelTe-faced  trapesohedron,  553;  ftMf,  ftii- 

glea,  edges,  symbeli,  axes,  te^  o4  aadaoi 

lor,  655, 
Twenty.foar.&eed  triuravQtacdrjMl,  GflS;  haw 

tediawthe«gwra»f»]b,;  aiHfatwW&;lHBM 

of  the  507 ;  crystals  TpMpt^h«vt  l^otapMDrikl 

to  this  form,  lb. 
Twin  eqfitals,  460;  net  f«t,  4n ;  KJMMlto 

system  of^  475 1  oM«Ht  tyftm^  lb. ;  urn* 

thic  system,  474. 
Two-and-one  membered  system^  4^1. 
TypI(Bia  ftynm  of  aqn^tnl^  «H« 
TyroUte,  418,  420,  421, 423,  546. 


UUqiaBlt^  (tiOyhjBryi^  9(  wMmwiyk  M7» 

302,  497. 
Ultimate  moleeules,  656. 

UBeleavablestwIirlil^  9^9)MUtf>  il4» 

Unionite,  521. 

UncleaTable  axqpe  tjfm^  H^ 

Uneleayablc  quarts,  510. 

UncleaTable  man^apiasa  qK%  M3, 

UncleaTable  nephrite  spar,  519. 

Uniaxial  mica,  638.: 

Uraine  (oxide  of  araotmn),  6Q1U 

Uralorthite,  629. 

Uran>mlea,  649. 

Uran.ochre,  606. 


Digitized  by  LjOOQiC 


INDEX. 


5S7 


Urantoantol,  6S1. 

Wolehonskoite,  533. 

Uwaiowite,  399,  626. 

Wolehite  (antimonlal  copper  gUnce),  600. 

Wolfram  (tungsUte  of  Iron),  418,  420,  421, 

y 

42*2,  433,  424,  430,  632. 

Valenttolte,  418, 422,  5:^3. 

Wolfram  ochre,  608. 

Yantdioite^  690,  691,  682. 

Wolfsberglte  (sulphnret  of  copper  and  anU- 

Vanadiateof  load,683. 

mony),  418,  420, 421,  433,  424,  600. 

Van<«diate  of  ooppar,  633. 

Wood  opaU  610. 

Vonquelinite  (chromate  of  lead),  439,  442,  447, 

452.633. 

450,  452,  454,  510,  520. 

Variegated  copper,  498. 

Worthlte^  515. 

VeWeteopperore,642. 

Wulienite,  360,  362,  363,  366,  367,  633. 

VermiUon,  499. 

X 

VeraTian,  526. 

Villartlte,61l. 

Xanthocone,  391, 400,  503. 

Vitreous  copper,  498. 

Xanthophylllt,  512. 

Vitriol,  white.  641. 

Xanlhortite,  529. 

Vlvianite  (phoephate  of  iron),  489.  442,  443. 

Xenotlne,548. 

444,  447, 449,  449,  430,  452,  453.  454,  6W. 

Y 

Volborthlte  (vonadiate  of  copper),  533. 

Volloierite,  607. 

Tollow  copper  ore,  49S. 

Voltaite,«97,602,544. 

Yellow  sulphuret  of  arsenic,  533. 

Voltaine,  60S. 

Yellow  lead  ore,  6SS. 

Voraolite,  643. 

Yellow  uranlU.  648. 

Yellow  tellurium,  493. 

W 

Yemte,  626. 

Wad  (earthy  manganese),  504. 

Ytterbtte,  628. 

Wagnerite,  439,  442,  444,  447,  450,  451,  452, 

Yttro-Ulmenlte,  581. 

453,  464,  540. 

Walehowlte,  656. 

YttroUtunite,  630. 

Walftramocher  (oxide  of  tungsten), '608. 

Yttrocerite  (pyramidal  cerium  baryta),  S;^!. 

Wandsteln,  637. 

YttrotantaUte,  531. 

WaToUite,  418,  422, 430,  648. 

Z 

Websterite,  644. 

Weisalte,  627. 

Zlnckenite  (rhombohedraldystom  glance),  or . 

Wernerite,  622. 

\Vhite  arsenical  nickel,  494. 

Zenotyne,  360,  862, 365. 

\Vhlte  antimony,  632. 

Zeollth,  517. 

White  nickel,  494. 

Zircon,  860,  363,  363,  365,  367,  514. 

White  iron  pyrites.  497.     • 

Zlnolte^  606. 

White  Tltrol,  641. 

Zinc,  sulphate  of,  417, 432,  42 1,  430. 

WhewelUto  (oxalate  of  lime),  439,  442,  443, 

Zinc  spar,  688. 

444,  447,  654. 

Zinc  glass,  613. 

Wichtirite,  623. 

Zlnckenite,  418,  421,  423. 

Wlllemlte,  890,  891,  400,  612. 

Zones,  836. 

ZoUlte,489,443,444,536. 

Wltherite  (carbonate  of  barytes),  418, 420, 421, 

Zorglte  (selenluret  of  lead  and  copper),  13G. 

432,  480,  636. 

Zunderen,  532. 

Wlthamite,  536. 

Zurlite^  526. 

Wohlerita,  531, 

ZurseUte,  418. 

Wolehite,  418,  420,  421,  422,  600.; 

Zwlsellte  (iron  apatite),  41S,  517. 
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